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ABSTRACT 



The purpose of this analytical study was to develop use- 
ful computer models, using the Numerical Electromagnetic 
Code, for the VHF omnidirectional tactical antennas in the 
current inventory of the U.S. Marine Corps. The approach was 
to develop two basic models, one representing the RC-292 
ground plane antenna, the other the MRC-109 vehicle mounted 
antenna system. With the solution of the current distri- 
butions on each of the models, calculations were made to 
analyte the impedance, gain and the associated radiation 
patterns for each of the antennas. Operation of these 
antennas over dissipative earth was also investigated. 
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GLOSSARY 



Za 



Radiation Pattern 



Polarization 



Linear Polarization 



Vertical Polarization 



Radiation Intensity 



Gain 



Antenna Impedance = Rr +_ jXa 
where: Rr=Antenna Radiation Resistance 

Xa=Antenna Terminal Resistance 
A plot of the electric field strength 
in polar coordinates. 

The direction of the electric field 
vector with respect to a set of 
coordinate axes. 

The direction of the resultant elec- 
tric field vector is constant with 
time . 

Resultant electric vector is per- 
pendicular to the earth surface for 
the antenna orientation. 

The power radiated by an antenna 
per unit solid angle in a particu- 
lar direction. 

Ratio of maximum radiation intensity 
in a given direction to the maximum 
radiation intensity produced in the 
same direction by a hypothetical 
lossless antenna which radiates uni- 
formly in all directions (an isotro- 
pic radiator) for the same power 
input . 
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I. INTRODUCTION 



A. BACKGROUND 

All that is necessary for an individual to become acutely 
aware of the rapid advances being made in modern military 
weaponry and technology, is to listen to their favorite news- 
cast or read their chosen periodical. Weapon accuracy, to 
point targets, and the destructive capability of these wea- 
pons, has reached a point that consideration of "first round" 
elimination or neutralization of a designated target is no 
longer reserved for the research community but must be in- 
cluded in the formulation of policy for military tactics. 

To be effective, the fighting force of the future must be a 
dynamic adaptive combat organization. The Commander of this 
force must be able to make correct and timely decisions, that 
are reflections of a continuously changing combat environ- 
ment. The command must in turn be able to respond to these 
directives in a timely manner, or this force will cease to be 
effective. This response is contingent on the ability of the 
force to be able to react rapidly. 

The Mobile Command Concept (MCC) [1] formulated at Naval 
Oceans Systems Center (NOSC) directly addresses the realis- 
tic possibility of a tactical command operating in an intense 
and lethal enemy environment. The result of this study is, 
that to be effective and to survive, in order to successfully 
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complete all assigned missions, this command must be mobile. 
It cannot be hampered by unwieldy structures that house 
sophisticated command, control and fire direction equipment. 
Married to these large structures are sufficient numbers of 
directional antennas that, correlated with the command 
structures, result in an accurate assessment of the size, 
type and composition of the unit. 

The use of distributed systems and the application of the 
rapidly expanding technology in this area, has been pro- 
posed as a solution to the dilemma faced by the commander 
who desires maximum information, without having to sacrifice 
strategic or tactical mobility [2] . It would therefore be 
possible, with a highly mobile infantry unit, to run the 
command from the back of the jeep or similar vehicle, with 
only one or two radio systems. The judicious use of 
camouflage and the inclusion of distributed system techni- 
ques, would allow the commander and his staff to .be dispersed 
without suffering the loss of any tactical capabilities. 
Subsequently this unit would be effectively obscured against 
sight, sound and infrared from all directions, including the 
air . 

Hinged upon this concept is a fluid, dynamic communica- 
tions system, unspecified in time as to direction. Choices 
of the types of communication equipment to use are still 
being investigated. Once these alternatives have been con- 
sidered, the present choice of an antenna system to use can 
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be narrowed down to only a few. Because of the mobile 
scenario envisioned, these antennas must be omnidirectional, 
where coverage in all directions is required for warning or 
intercept functions. It is therefore necessary that an 
analysis be conducted on the performance characteristics of 
the antennas presently in use. What effect the structures 
that these antennas are mounted on, have on the performance, 
must also be realized. 

B. OBJECTIVES OF THE ANALYSIS 

The objectives of this report were to investigate the 
performance parameters of two basic VHF antenna structures, 
the RC-292 ground plane antenna and the mobile radio system 
antenna referred to in this report as the MRC-109. The 
MRC-109 utilizes the antenna, AS-1729, mounted on a M-151 
vechicle chassis. Thin-wire computer modeling techniques 
were used to calculate a solution of the current distribu- 
tions on each of these models. From these distributions, the 
input impedance, the gain and the associated horizontal and 
vertical radiation patterns of the antenna were obtained. An 
investigation on the effects of lossy earth upon these 
antennas was also conducted. 

C. METHOD OF ANALYSIS 

1 . Computational Complexities 

There are a number of techniques that allow one to 
calculate the characteristics of an antenna. Except for very 
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basic antenna configurations, the classical approaches, such 
as using conventional geometric descriptions and infinitely 
long line charges, where the potential and fields can be 
exactly calculated, would result in a very complicated 
mathematical procedure for arbitrary configurations such as 
a jeep. Fortunately, there are computer techniques that use 
direct integration or summing techniques, to obtain satis- 
factory results in accuracy and usefulness. TVo basic tech- 
niques can be used and their employment is dependent on the 
size of the structure and its shape, relative to a frequency 
range of interest. 

The first of these is the geometric theory of diffrac- 
tion (GTD) . The GTD method is used to determine the effects 
on the far field patterns, the gain of the antenna, due to 
obstacles and scatterers that surround the antenna at dis- 
tances that are large relative to the wavelength. This is 
basically a ray optics technique, involving the reflection 
from surfaces and two basic diffraction mechanisms, edge 
diffraction and curved surface diffraction. When the 
wavelength increases (frequency decreases) , or the size of 
the structure decreases, and/or the source of the energy 
becomes distributed, this technique no longer provides 
accurate answers. For the size of the antenna structures 
being analyzed, this technique is most appropriate in 
frequency ranges in excess of 500 MHz. However, since the 
frequency range that is of interest is between 30 and 75 MHz, 
the next technique was the one that was used. 
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The second technique, the method of moments (MOM), 
reduces the functional electromagnetic field equations to a 
set of equations that can be handled in a straight-forward 
fashion using the matrix manipulation on a digital com- 
puter [3] . This method is used for modeling the antenna 
and its immediate environment including nearby structures 
and antennas, up to a wavelength. This technique gives the 
impedance of the antenna and the current distributions on 
the antenna and nearby structures. From the current dis- 
tribution and impedance, the gain and patterns may be found. 

The method of moments technique used for this analy- 
sis was contained within the Numerical Electromagnetics Code 
(NEC) . The NEC program was developed at Lawrence Livermore 
Laboratory for the Army, Navy and Air Force. It is based on 
previous antenna modeling programs, such as AMP, the Antenna 
Modeling Program. It employs MOM solutions and provides 
improved performance estimates of antennas mounted on ships, 
aircraft and spacecraft or on the earth's surface. 

2 . Geometrical Parameters 

A spherical coordinate system was used throughout 
the calculations. For the antenna systems used, it was 
necessary to observe the patterns generated in the various 
spherical planes. An example of the system used is shown 
on the next page. 
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As an example, if the antenna under test was oriented along 
the z axis with a ground plane parallel to the xy plane, the 
azimuthal or horizontal angle of rotation, <j> (phi), would be 
measured from the x axis in degrees. Similarily, the zenith 
or vertical angle, 9 (theta), would be measured from the z 
axis downward toward the xy plane. A basic understanding of 
this is essential to an interpretation of the patterns 
obtained. A cross-sectional slice of the volume traced 
within the hemisphere will give a principle radiation lobe, 
which may not be symmetrical. Additionally, the secondary 
lobes can be observed. 
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Ground Influence 



o . 

The antenna performance characteristics, especially 
the directive properties it exhibits, will be considerably 
influenced by the conditions of the earth beneath the 
antenna. This influence is proportional to the height of 
the antenna above it. A radiated field from an antenna is a 
result of the combination of the direct and reflected waves. 
The effect of the ground will be to alter the radiation in- 
tensity of the pattern for a particular vertical angle. The 
method of evaluating the impact of lossy earth on the pat- 
terns generated, which was used in this computer analysis, 
was the Fresnel's reflection coefficient approximation pro- 
vided in the NEC program. This approach was used since the 
antenna elements, for both systems, were greater than .1 
wavelengths above the surface of the earth. This method 
also conserved computer resources in time required for 
running the programs. A more exact method, the Sommerfeld / 
Norton method, is available in NEC however, this requires 
about 20 per cent more time to run. The Sommerfeld/ Norton 
method was used for a sampling of computer runs for the 
RC-292. The results obtained were compared to similar runs 
using the Fresnel method. There was no appreciable dif- 
ference between the two. Therefore, the estimated gains 
expected for this extra time were not substancial enough to 
warrant using Sommerfeld. The ground conditions evaluated 
were taken to represent what the antennas would be expected 
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to be operated over. The associated ground constants (epsilon 
and sigma) ivere obtained from the CCIR referenced and are 
listed below [4] . 



Ground 


Dielectric 




Type 


Constant 


Conductivity 




(epsilon) 


(sigma) 


Wet Ground 


30 


. 01 


Pastoral 


13 


.005 


Snow/Desert 


3 


. 00012- . 00018 



It should be noted here that an analysis of the 
performance of the antenna systems over desert conditions 
was not considered necessary. The similarity of ground 
constants between snow and desert (epsilon=3 § sigma=.0001) 
made it impractical. Any of the results obtained for snow 
are felt to be applicable to desert conditions. 
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II. RC - 292 ANTENNA SYSTEM 



A. BACKGROUND 

The RC-292 is an omnidirectional, VHF lightweight tacti- 
cal communication antenna. It is presently used for broad- 
casting and net operations within the Marine Corps. This 
antenna is primarily used for medium range communications 
(3 - 20 km) with the individual transportable radio systems. 
As this antenna operates over a wide VHF frequency range 
(30 - 75 MHz) without any compensating coupling networks, 
it is necessary, as directed, that this structure be recon- 
figured each time it is used within one of three designated 
frequency ranges [5]. Each time that an operating frequency 
is assigned that transits from one range to another, it is 
necessary to disassemble and reassemble the antenna elements. 
Close monitoring of the antenna configuration is necessary 
when it is used in an environment of sequenced frequency 
changes. A mid-band constructed antenna, operating outside 
of this band, has been known to occur in a tactical environ- 
ment [6] . 

B. OBJECTIVES 

The objectives of this portion of the thesis were to 
correctly model the RC-292 antenna and to determine the 
related performance parameters and radiation patterns. If 
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this antenna is to be used in a distributed network system, 
in a tactical environment, it was necessary to learn: 

(1) The directive and power gains for selected configura- 
tions of the antenna. 

(2) The effect of constructing the antenna for the mid- 
band range and operating it through the entire range. 

(3) The effects of selected finite ground conditions. 

(4) The horizontal and vertical radiation patterns asso- 
ciated with each configuration. 

(5) The effect of reducing the operating height. 

C. SCOPE AND LIMITATIONS 

The standard RC-292 as presently used has the following 
features : 

(1) A mast mounted vertical monopole of variable seg- 
mented length (operating frequency dependent) . 

(2) A three element ground plane each of variable 
segmented length with 120 degrees separation. The ground 
plane is at an angle of approximately -56 degrees from the 
horizontal . 

(3) A ceramic feedthrough insulator socket, MP-68, for 
mounting the antenna elements. 

(4) Standard height above ground: 9.14 meters 

(5) Operating bandwidth: 30 - 75.95 MHz 

(6) Resonant frequency of operation for quarter wave- 
length : 



20 



Sub-Band I (30-36.5 MHz): 32.8 MHz 

Sub-Band II (36.5-50.5 MHz): 43.18 MHz 

Sub-Band III (50.5-75.95 MHz): 63.05 MHz 

Details of this configuration are shown in Figures 1 
and 2 . 

At the commencement of this study it was decided that 
some source of comparison was necessary to ensure close 
approximation of the computer model with the actual antenna. 

As no sufficiently accurate reports, with the necessary data, 
were known to be available, an actual antenna was obtained 
from personnel at Fort Ord Army Base. 

There were few limitations placed on the development of 
this model, as this was a straightforward analysis of a 
basic tactical antenna. Where the analysis necessitated an 
assumption was in the determination of the characteristic 
impedance of the cables and radios used with this antenna. 

Both of these were assumed to have a characteristic impe- 
dance of 50 ohms. Mismatch losses were assumed not to 
occur between the cable and the radio. If any mismatch 
existed it was to be between the cable and the antenna. The 
differences in the transmission line losses between the 
ideal system modeled here and actual antenna were not con- 
sidered . 

The scope of this section includes: 

(1) A comparison of the computer model and the actual. 

(2) A comparison of the correctly configured antenna 
structure as detailed in the technical manual (TM configuration) 
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Figure 1 RC-292 Ground Plane Antenna 
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'P 
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3 


2.67m 
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Y 
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5 
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e 


2.17m 


1.65m 


1.13m 



Figure 2 Structural Geometry RC-292 
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with the mid-band (II) configured structure that is operated 
over the total operating range (Troop configured TC) . 

(3) A comparison of the directive and power gains of 
these two conflicting configurations TM vs TC, evaluating the 
root-mean- squared (rms) values of the gain for a bandwidth 

of 20 degrees the horizon (theta from 90 degrees to 70 degrees). 

(4) An evaluation of the effects of lossy earth on 
the radiation patterns. 

(5) A comparison of the radiation pattern of the 
technical manual configured at the height of 9.14 meters 
with a reduced height of 3 meters, over a nominal finite 
ground . 

The structures were analyzed at four distinct frequencies 
in a wide frequency range, representing a small sampling of 
the complete system performance. A probabilistic total sys- 
tem analysis was not within the scope of this paper. 

D. ANTENNA ANALYSIS 

1 . Mathematical Model of Antenna 

The equivalent circuit of a short whip, monopole, 



antenna is shown below: 




£ 
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where : 




R_ 



source (generator) internal resistance 

2 

effective series loss resistance due to I R 
loss in antenna conductor, ground return losses, 
and dielectric losses 

radiation resistance for vertical antenna 



o 

= base shunt capacitance 

C£ = effective antenna capacitance 

L = antenna inductance 

= rms voltage at base of antenna 

In a half-wave or quarter-wave monopole operated at 

VHF frequencies the power lost as heat in the conductor 
2 

(I“ R2) does not exceed a few percent of the total power 
supplied to the antenna. The r.f. resistance of a copper 
conductor is very low compared to the radiation resistance 
of an antenna that is clear of surrounding objects and not 
close to the ground. Therefore, it was assumed that the 
ohmic loss, R 2 , is negligible and that all of the resistance 
shown by the antenna is radiation resistance, R^ = R rad. 

To compute the radiated power (P rad) of the antenna, 
as a function of frequency, it was necessary to examine I 9 as 



P rad 




R rad 



Consider two possibilities: 

Case 1. The base shunt capacitance, C^ is negligible. 
For this case is simply, 
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I 2 = (V 1 ) / (R 3 + jwL - (j/wC 2 )) 

Noting that the antenna input impedance, 

Zin = + jwL - (j/wC ? ) 

and defining antenna resonant frequency as 

wr = 1 / (✓ LC 2 ) 

results in an input impedance of 

2 

Zin = w Rj + j((w/wr) - 1) 

Noting that at resonance, w = wr 

Zin = w C 2 R- (purely resistive) 
and the radiated power is 

P rad = (V^ / Zin) ^ x R rad 

Case 2. The base shunt capacitance is significant and 
influences the antenna performance. 

Zin = (-j/wC-j^) // (R 3 + jwL - (j/wC 2 )) 

Zin = [ ( (w/wr) 2 - 1) - jw^C^^R-] / [wC 2 R~- j ( (w/wr) i '-l+wC-^)] 
which shows even at resonance, w = wr 
Zin - (-jw 2 C 1 C 2 R 3 ) / (wC ? R 3 -jwC 1 ) 
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capacitive loading will result. Total available radiated 
power will decrease as a result of decreased I 7 , proportional 
to the increase of 1^, C 1 2 = I ' 1^) • The value of 1^ is 
dependent on the value of and the operational frequency. 
For a large value of shunt capacitance the antenna system 
will not be resonant. 

It should be emphasized that it is not easy to 
determine the values of the elements of the equivalent cir- 
cuit of the monopole, even with accurate feed-point impedance 
(Zin) data. These depend on variable parameters, as antenna 
height, frequency of interest and the dimensional quantities 
of the structure (length to diameter ratio) . Even if a 
perfectly matched resonant antenna was used to determine 
the radiated power from a given input power, so that the 
antenna efficiency would be known, it still would be neces- 
sary to make an estimate of the directivity of the antenna, 
to determine the power gain for a particular zenith angle. 

It is therefore necessary, faced with the difficulties of 
theoretical computations, to devise a data analysis techni- 
que that would couple empirical and numerical approaches. 

2 . Actual Antenna Testing 

There is no compensating coupling or matching unit 
associated with the RC-292 antenna, therefore it was 
necessary to determine the input impedance of the antenna 
system. A precise method of measurement consists of cal- 
culating the electric and magnetic fields at all points of 
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the antenna and then integrating these. It is then possible 
to know the real power and the reactive power at each point 
and by integration, the total resistance and reactance can 
be obtained. These calculations are quite complicated and 
must be made for variable frequencies. To remedy this pro- 
blem an empirical solution was invoked. 

To be able to use results from any developed computer 
model with some certainty that these reflected the actual 
operating characteristics of the antenna, an acutal antenna 
was tested. The test facilities at this school were used 
with an antenna obtained from Fort Ord. 

The measurement principle was very straightforward. 
The equipment was set up as shown in Figure 3. The reflec- 
tometer was used to derive samples of the incident and re- 
flected waves, V+ and V-, and these were then processed by 
the vector voltmeter. This displayed the rms values of the 
A and B channel voltages and the phase of Vb with respect to 
Va. Thus the load reflection coefficient was easily calcu- 
lated as , 

§ = Vb / Va < 

and the load (input) impedance was then found from the 
relation , 

Zin = Zo x [!+§)/ (1- §) ] 
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Figure 3 Antenna Impedance Measurement 



where Zo is the characteristic impedance of the line. The 
adjustable reference line was present to compensate for the 
difference in path length for the samples of V+ and V- . 

The dimensional configurations used were the same as 
shown in Figure 2. The variable parameter considered was the 
frequency. This dictated when an antenna configuration would 
be changed, e.g. when the frequency tested changed from 35 
MHz to 40 MHz, the structure was changed to conform with the 
guidance in the technical manual. This was done except in 
the case when the "Troop" configuration was tested. This 
"field version" antenna was constructed for sub-band II and 
operated from sub-band I through sub-band III. Both 
configurations, tech manual TM and troop TC, were tested 
with the actual data recorded, shown in Figures 4 and 5. 

The results of the data indicated that a value of capacitive 
reactance was acting upon the system, preventing the antenna 
from attaining a resonant value (pure resistance) . From the 
mathematical analysis previously presented, the indication 
was a problem existed with an inordinate amount of input 
shunt capacitance. Further measurements were taken after 
totally disassembling the antenna, leaving simply the 
antenna support and the antenna base, MP-68. As shown in 
Figure 6, the MP-68 has a ceramic insulator as a structural 
support, separating the antenna vertical feedpoint with the 
ground plane support. It was calculated, using the below 
table of results. 
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TECH MANUAL 



CONFIG 



freq 


sub 


angle 


ref lec 


R 


X 


Zin 


(MHz) band 




§ 


< Z o = 


50 ohms) 


30 


I 


-70 


.24 


1.05 


-0.50 


52. 5 - j 2 5 


35 


I 


-13 


. 58 


3.00 


-1.40 


150- j 70 


40 


I 


-42 


.21 


1.30 


-0.4 


6 6 . 0 - j 2 0 


45 


II 


-7 


.54 


3.20 


-0.6 


160- j 30 


50 


II 


-26 


.72 


2.20 


-2.8 


110- j 140 


55 


III 


-70 


.15 


1.08 


-0.32 


54. 0-jl6 


60 


III 


-30 


. 47 


1.9 


-1 . 05 


9 5 - j 5 2 . 5 


65 


III 


-44 


. 62 


1.3 


-1.7 


6 5 - j 8 5 


70 


III 


-51 


. 69 


.88 


-1.78 


44 - j 89 


75 


III 


-60 


.75 


. 53 


-1.6 


26. 5-j80 



Figure 4 Actual Tested Antenna Input Impedances 
Technical Manual Configuration 
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TROOPCONFIG 
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0 
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II 


-40 


1 


0 
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35 


II 
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-1 . 32 


24- j 66 


40 


II 


-42 


. 21 


1.3 


-.4 
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45 


II 


-7 


. 54 


3. 2 


-.6 


160- j 30 


50 


II 


-26 


.72 


2.2 


-2.8 


110- j 140 


55 


II 


-34 


.8 


1.2 


-2.82 


60 - j 141 


60 


II 


-28 


. 83 


1.4 


-3.45 


70 - j 1 7 3 


65 


II 


-40 


. 8 


.9 


-2.45 


45- j 123 


70 


II 


-48 


.8 


.68 


-2.1 


34-3105 


75 


II 


-54 


.98 


.1 


-1.98 


5- j 100 



Figure 5 Actual Tested Antenna Input Impedances: 
Troop Configuration 
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Figure 6 Antenna Base, MP-68 
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freq reflection 



Xc 



Capacitance 



Xc' 



(Mh z ) 


angle 




(ohms) 


(pfd) 


75 


-64 


- j 1 . 6 


80 


26.5 


50 


-49 


- j 2 . 2 


110 


28.9 


30 


-31 


- j 3 . 6 


180 


29.4 


20 


-19.5 


-j6 


300 


26.5 


10 


-8.5 


- j 13 


650 


24.48 


that the 


antenna base 


was adding 


approximately 


2 7pfd of 



capacitance to the antenna feedpoint. This was the same 
situation, which has been shown in the mathematical analy- 
sis, resulted in a non-resonant antenna. This was indeed 
the case in the RC-292. The MP-68 was preventing the 
recommended configuration as outlined in the technical 
manual, from being resonant. 

With the physical and impedance characteristics 
determined, it was now possible to construct the computer 
NEC model and compare the results. 

5 . Computer Model Development 

The important design considerations that were 
necessary to follow in this computer model development were 
the antenna segmentation size, the radius of the segments 
and the proper geometrical model. For wire modeling of the 
antenna, the main electrical consideration is segment length 
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(delta) relative to the wavelength (lambda X ) [7] . For 

accurate results, delta should be less than approximately .1 
lambda at the desired frequency. The wire radius, "a", 
relative to the wavelength, is limited to the approximation, 
that the relationship of, 

((2 tt a)/lambda) << 1 

must hold for the antenna configuration. Using these guide- 
lines, the antenna was modeled at a reference frequency of 
75 MHz as shown in Figure 7, with the three antenna confi- 
gurations shown. The segmentation used is illustrated by 
the small arrows. A sample of the geometry structure data 
used to create these models can be located in Appendix C. 

4 . NEC Computer Model vs. the Actual 

A comparative data analysis was done between the NEC 
model and the physical antenna. The input impedances that 
were obtained from the NEC program calculations and the 
input impedances that were obtained through the actual tests 
on the antenna were plotted on Smith charts. The MP-68 input 
loading of 27 pfd was added to the computer model. Plots of 
the impedance loci are shown in Figures 8 through 11. From 
the comparison of these plots, it was clear that an acceptably 
accurate model for each individual configuration existed. 
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(a) 

Sub -band I 
30-36.5 MHz 




(b) 

Sub -band II 
36.5-50.5 MHz 
(Troop) 



(c) 

Sub-band III 
50.5-75.95 MHz 



Figure 7 NEC Models For RC-292 
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(freq in MHz) 



Figure 8 Comparison of Impedance Coordinates for 

Technical Manual Configuration: Sub-band I 
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(freq in MHz) 



Figure 9 Comparison of Impedance Coordinates for 

Technical Manual Configuration Sub-band II 
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(freq in MHz) 



Figure 10 Comparison of Impedance Coordinates for 

Technical Manual Configuration Sub-band III 
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(freq in MHz) 



Figure 11 Comparison of Impedance Coordinates 
for Troop Configuration (30-75 MHz) 
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E. RC- 292 ANTENNA PERFORMANCE CHARACTERISTICS 



Antennas have such unusual current distributions and 
complex fields that field characteristics are usually ex- 
pressed in terms of performance relative to a hypothetical 
isotropic radiator which produces the same radiation inten- 
sity in all directions. This "measuring stick" was used 
throughout the remainder of this thesis for comparing the 
properties of the antenna system. These properties were: 

(1) Directive gain comparison between the technical 
manual and the troop configurations. 

(2) Power gain comparison of these configurations where 
the structures are positioned over perfect and lossy ground. 

(3) Comparison of the radiation patterns, both horizon- 
tal and vertical, generated by these configurations. 

(4) Effect on the gain and patterns when the height of 
the antenna was reduced from 9.14 meters to 3 meters. 

1 . Directive Gain . 

The directive gain of an antenna is a measure of the 
field strength of power density for a given directional area. 
That area of interest for this analysis was from the horizon 
to an increased elevation angle of 20 degrees. The directive 
gain calculations neglect any losses in the structure from 
mismatch. A plot of the average directive gain resulting from 
the model calculations is shown in Figure 12. As can be 
readily seen without consideration of mismatch losses, there 
appears to be very little difference between the two 
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Figure 12 Average Directive Gain: Perfect Ground 
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Frequency, MHz 



configurations. This was expected considering the similarity 
of function, monopole radiators. 

2 . Power Gain 

The power gain of an antenna is a similar measure of 
the field strength for a given directional area but this 
calculation takes into account the efficiency of the parti- 
cular antenna. These calculations consider the loading and 
mismatch losses associated with the antenna structure. As 
Figure 13 illustrated, there was an appreciable difference 
between the two configurations. These calculations indicated 
there was as great as 10 dB difference between the TM and TC 
configurations for the low range of operation. There was no 
difference, as would be expected, in the mid-range, since 
this is the designed range of operation for this particular 
configuration. Figures 14 through 16 illustrate these 
differences in average power gain over the area of interest, 
20 degree bandwidth. The particular configurations were 
analyzed above the three ground conditions. The height of 
the antennas when calculations were made was set at the 
normal operating height, 9.14 meters. The results indicated 
that there existed very small differences, 1 dB, for the 
technical manual configuration for the ground considered. 

An average overall power gain of approximately 2 dB resulted 
for this configuration. The "troop configuration" varied 
approximately 2 dB between the ground conditions. However, 
the average overall power gain was -5 dB. 
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Figure 14 Average Power Gain: Snow 
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0 Technical manual 




Figure 15 Average Power Gain: Pastoral 
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Technical manual 




Figure 16 Average Power Gain: Wet Ground 
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Frequency, MHz 



Radiation Patterns 



3 . 

Appendix A contains a complete set of the radiation 
patterns generated for the conditions analyzed in this study. 
It was determined from the radiation patterns generated, as 
a result of the computer runs, that the RC-292 was indeed 
an omnidirectional radiator. An example of one of the 
horizontal patterns generated within this "look area" is 
shown in Figure 17. With an omnidirectional antenna, sym- 
metry with the vertical pattern would be expected. To verify 
this, patterns were generated. In the development of the 
computer model, a ground element was oriented along the 
y axis (4> = 90deg) and the other two ground elements were 
spaced 120 degrees apart (<j> = 210deg and 330deg) . A compari- 
son of the vertical patterns, where a ground element was 
present, <j> = 90deg, and where there was not, <j> = 180deg, 
pointed out that the RC-292 radiation patterns appeared to 
be quite symmetrical in the vertical plane. This is shown 
in comparing Figures 18 and 19. Therefore, only one verti- 
cal "cut" has been included in the Appendix for each para- 
meter analyzed. 

A vertical radiation pattern for the "troop" confi- 
guration is shown in Figure 20. The power gain losses 
associated between "troop" configuration and the technical 
manual configuration at the low range of operation can be 
readily extracted from comparing Figures 20 and 18. Here 
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Figure 17 Horizontal Radiation Pattern: 
10 Degrees From Horizon 
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Figure 18 Vertical Radiation Pattern QTM) 
In Plane Of Ground Element 
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Figure 19 Vertical Radiation Pattern (TM) 
In Plane With No Ground Element 
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Figure 20 Vertical Radiation Pattern For Troop 
Configuration: Perfect Ground 
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at 30 MHz, the power gain differential was 10 dB between 
configurations . 



4 . Height Variations 

An examination of Figure 21 showed "lobing" of the 
pattern when the antenna was operated at 75 MHz for the 
normal height of 9.14 meters. The number of lobes can be 
directly attributed to the height of the structure above the 
ground and the frequency of operation. The principle of 
images can be applied to a vertical antenna in the presence 
of earth as shown below. 




The amplitude of a vertical antenna's radiated pattern is 
proportional to: 

f (z) = 2cos [ ( ( 2 tt h ) /lamba) sin z] 

From this relationship, it was noticed that as the height of 
the antenna was decreased, or the separation of the antenna 
from its image was decreased, then the radiation pattern 
diagrams would consist of progressivley smaller numbers of 
lobes. A comparison of Figures 21 and 22 illustrated that 
this was indeed the case. As the antenna operational height 
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Figure 21 Vertical Radiation Pattern (TM) Antenna 
Height: 9.14 meters, freq: 75 MHz 
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Figure 22 Vertical Radiation Pattern (TM) Antenna 
Height: 3 Meters, freq: 75 MHz 



was decreased from 9.14 meters to 3 meters, the number of 
lobes per octant decreased from 4.5 to 2. Included in 
Appendix A was a set of patterns generated when the antenna 
was operated over snow at a elevation of 3 meters. A 
reduction in operational height for the TM configuration 
over lossy earth resulted in a decrease in power gain of 
approximately 3 dB. Additionally an increase in the angle 
of maximum radiation of 10 degrees, from 10 degrees above 
the horizon to 20 degrees above the horizon, resulted. 

Contained in Appendix A are sets of directive and 
power gain radiation patterns for the azimuth plane 10 degrees 
above the horizon. Vertical patterns for the elevation plane 
at an azimuthal angle of 90 degrees has also been included. 
Each set constitutes a sampling of variable parameters for 
frequency, ground conditions and height. The estimated gain 
from these, for some parameter of interest, height, frequency, 
configuration, can be rapidly realized. 

F. OUTLINE OF RESULTS 

The results of the analysis indicated that: 

(1) The RC-292 was a symmetrical, omnidirectional 
antenna . 

(2) The mechanical or structural support for the antenna 
element, the MP-68, inhibits the performance of the correctly 
configured antenna (tech manual) by a factor of from 0 to 

3 dB. 
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(3) A mid-band designed antenna operated outside its 
correct range of construction, "troop", resulted in an 
appreciably worse performance, -10 dB. This configuration 
should not be considered in any distributed system network. 

(4) The ground beneath the antenna produced a variance 
from 1 to 3 dB loss, from ideal, for a given directivity. 

(5) The height of the antenna did effect the radiation 
pattern where the recommended operating height was 9.14 
meters . 

Additionally, replacement of the ceramic material for 
the MP-68 with another dielectric material would have to be 
carefully studied. The ceramic material for the MP-68 has 
the following attractive insulating properties: 18] 

(1) high mechanical strength (when properly used) 

(2) high weathering and corrision resistance 

(3) low permeability to gases and vapors 

(4) excellent temperature stability 

(5) low dielectric loss 

(6) high dimensional stability 

Other insulating materials that may be considered to 
replace the ceramic bowl in the MP-68 may not possess these 
same weathering characteristics. Based on the findings in 
this study and the effect the input shunt capacitance has on 
the antenna performance, close scrutiny of replacement 
materials is recommended. 
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III. MRC-109 VEHICLE MOUNTED ANTENNA 



A. BACKGROUND 

A relatively light-weight tactical vehicle configured 
radio system is one of the most important elements in a 
rapid. mobile communications scenario. Light-weight and 
tactical implies that this system must be capable of being 
air lifted, helo lifted, sea lifted, driven or parachuted 
into any possible terrain condition and upon arrival 
functioning immediately for the Commander. 

An understanding of the operational parameters of the 
antenna that is used with this communication system is 
essential for ensuring constant reliable information ex- 
change. The effects of the antenna positioning on the 
vehicle, of the vehicle structure, and of the ground beneath 
the vehicle, have upon the pattern generated require to be 
realized. The degree of antenna pattern degradation that can 
be tolerated, depends largely on the characteristics of the 
system to which the antenna is connected. If the system 
functions by detecting nulls in the antenna pattern at some 
azimuth and zenith angle, the antenna null position and 
depth, hence the performance, may be a critical function of 
the antenna. For a distributed network system, it is de- 
sireable that the antenna radiate and receive equally \irell 
in all directions. Pattern degradation will definitely 
decrease the effectiveness of this system. 
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B. OBJECTIVES 



The objectives of this portion of the thesis were to 
correctly design a computer model for a vehicular configured 
VHF antenna system and to determine its related radiation 
patterns. The particular configuration that was modeled and 
is referred to throughout this section, and the associated 
appendix, was the MRC-109. This configuration consisted of 
a vertically polarized monopole antenna, the AS-1729, mounted 
on a M-151 jeep chassis as shown in Figure 23. To use this 
configuration in a distributed communication system, it was 
necessary to learn: 

(1) In what manner a particularly configured vehicle 
affects the radiation pattern. 

(2) The effects of dissipative earth on the patterns 
generated. 

(3) Thin-wire approximation modeling effects. 

C. SCOPE AND LIMITATIONS 

Three possible jeep configurations were modeled, having 
the following features: 

(1) The "Basic" configuration was the vehicle chassis 
modeled without having the windshield or canvas cover brace 
employed . 

(2) The "Jeep" conf iguration was the vehicle chassis 
modeled with both the windshield and canvas cover brace 
employed. 
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Figure 23 MRC-109 VHF Vehicle 
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C3) The "Total" configuration was the jeep configuration 
married to its associated trailer. 

(4) The antenna used with all these configurations was 
the AS-1729, vertically polarized monopole, mounted in the 
right rear (viewed from the back) of the vehicle. 

(5) Effective antenna length: 3 meters. 

(6) Operating bandwidth: 30 - 75.95 MHz. 

(7) Resonant frequency of operation: 

for quarter wave: 23.75 MHz 

for half wave : 47.5 MHz 

(8) Operational half wavelength range: . 3A-.8A 

Lack of sufficient time precluded an analysis of the 

antenna matching unit, MX-6706, that is an inherent com- 
ponent of this antenna assembly. Validation tests of a 
similar antenna assembly, AS-2731, using the AS-1729 as a 
reference, indicated that the matching unit did perform the 
required impedance matching [9]. Therefore, it was assumed, 
as far as loading the model, that no mismatch existed over 
the frequency range of interest, between the antenna and the 
radio system. 

This report was intended to analyze a discrete sampling 
of representative vehicle configurations that could be 
expected to be used in the fleet. These structures were 
tested over four ground conditions, one ideal, non-realistic 
operationally, and three conditions of lossy earth. 
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D. COMPUTER MODEL DEVELOPMENT 



One of the most severe limitations encountered in 
modeling structures surrounding an antenna, when the dimen- 
sional quantities of the model are proportionally related 
to the resonant operational wavelength, is in the deter- 
mination of a correct thin-wire model. Replacing a solid 
conducting surface, such as a vehicle chassis, by a wire 
grid structure imposes difficult assumptions on the design. 
An implicit assumption here was that sufficiently small 
grid openings will result in acceptably small electromagne- 
tic differences between the actual solid surface of the 
vehicle designed and the grid equivalent modeled in the 
computer . 

The program used, NEC, operates within the framework of 
calculating a numerical solution for the integral equations 
of currents induced on the segments of the thin-wire model 
from a voltage source [10] . Input structure data to con- 
figure the models was provided to the computer program by 
generating a segment number ing scheme , segment endpoint 
locations in space, and selecting an appropriate radius for 
the thin-wire segments. The models used were all designed 
and constructed at the highest operating frequency, 75 MHz. 
This was based solely on the premise that, as the frequency 
was decreased to 30 MHz, the models would remain effectively 
accurate. The number of segments for the model would in- 
crease relative to the wavelength size. The guidelines for 



62 



segment length were the same as those for the RC-29.2. At 75 
MHz, the segment length was chosen to be .381 meters. Around 
the critical areas of the structure, the antenna feedpoint, 
the segment length used was .1778 meters. The model radius 
"a" was chosen to be .0127 meters. 

Additionally, with these models a ’’Numerical Green’s 
Function” capability of the NEC program was applied to make 
use of the structure symmetry. This option aids in reducing 
long computer runs associated with large numbers of segments. 
The number of segments for each model and the average re- 
quired computer calculations time for that model, are shown 
below : 



Model 


Segments 


CPU Time (minutes) 


basic 


191 


25 


jeep 


217 


31 


total 


287 


43 



A representative sample data input for each model was 
included in Appendix C. The structure geometry data for each 
configuration was checked by generating a computer-drawn plot 
of the wire-grid models. These are shown in Figures 24, 25 
and 26. 

E. ANTENNA PERFORMANCE ANALYSIS 

In analyzing the performance of the variously constructed 
vehicles, the antenna input impedances were examined as a 
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Figure 24 NEC "Basic” Configuration 
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Figure 25 NEC "Jeep" Configuration 
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Figure 26 NEC "Total" Configuration 
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measure of the accuracy of the models. A comparison was 
made between the results of the NEC programs for each struc- 
ture as shown in Figures 27, 28 and 29 and the theoretical 

/ 

values for cylinder antennas evaluated by Hallen, as shown 
in Figures 30 and 31 [11] . The analysis line labeled "200" 
on these graphs should be used as H/a, length to radius 
ratio, for the vehicle was 236. The arrows indicate the dis- 
crete frequencies used in NEC. An exact comparison was diffi- 
cult as the vehicle antennas were evaluated only at a few 
discrete frequencies over a large frequency bandwidth, 45 MHz. 
However, a substantial correlation in function shape was 
apparent between the theoretical performance and the computer 
model. Additionally, the current induced on the antenna was 
plotted for the "total" configuration operating at 30 MHz. 

The radius of the vehicle chassis, not the antenna, was varied 
to compare the effect on the antenna current. The results are 
shown in Figure 32. This plot contains the correct current 
distribution for a .3 \^avelength antenna. From this figure 
it was deduced that a source of error encountered in the 
thin-wire modeling of structures came from obtaining an 
approximate solution for the currents actually flowing on the 
structure. It was realized, as the models were developed, 
that as the segmentation increased (models became larger) , 
that particular models were limited to a selected bandwidth, 
outside of which, the numerical results obtained became 
inflated. It was also learned that a design can not simply 
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Figure 29 Input Impedance: Jeep and Trailer Configuration 
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Figure 30 Antenna Resistance According to Hallen 
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Figure 31 Antenna Reactance According to Hallen 
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Figure 32 Antenna Current Distribution at 30 MHz for 
"Total” Configuration With Chassis Radius 
Varied (antenna radius= . 0127m) 
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invoke one model for a configuration and expect totally 
accurate results when this model spans a greater than 2:1 
frequency range. Accuracy can also be closely approximated 
by calculating the average gain of the structure. The aver- 
age theoretical gain over a hemisphere, as the vehicle was 
modeled over perfect ground, would be 2.0. These calcu- 
lations require enormous computer assets and time for com- 
plex structures. The most complex structure the "total" 
jeep and trailer was the only structure tested. The average 
gain calculated at 30 MHz was 2.5036. These results indi- 
cated that the models were acceptable and functional appro- 
ximations for the actual configurations. 

F. ANTENNA PATTERNS 

Appendix B contains sets of power gain radiation patterns 
for the three vehicular configurations generated from the 
analysis of the programs that were run. These patterns were 
for four discrete frequencies calculated over perfect ground 
and three operational conditions of dissipative ground. A 
complete systematic statistical analysis of the vehicular 
performance was not accomplished due to the inavailability of 
adequate computer resources and the time involved in such an 
undertaking. Figure 33 shows a maximum power gain compari- 
son of the three configurations operating over significant 
ground conditions. A fixed radiation angle, 20 degrees, was 
selected and the gain calculated at that point was noted. 
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Radiation 



Angle 



20 degrees 



Ground 


Freq 


Basic 


Jeep 


Total 




(MHz) 


CdBi) 


CdBi) 


CdBi) 


snow 


30 


1 


-2 


- 3 




41 


1 


2 


3 




50 


2 


4 


2 




75 


2 


3 


2 


past 


30 


0 


-2 


0 




41 


1 


0 


4 




50 


2 


2 


3 




75 


3 


2 


2 


wet 


30 


2 


2 


0 




41 


3 


3 


5 




50 


3 


0 


3 




75 


4 


2 


2 



Figure 33 Maximum Gain For A Fixed Radiation 
Angle (9=70°) 
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From this comparison it was deduced that the "basic" con- 
figuration resulted in less deviations of gain over the 
frequencies and grounds analyzed. 

Figure 34 shows the variances that resulted in the angle 

i 

of maximum radiation between the configurations. These 
figures indicated that there was a variance of as much as 
4 dB between configurations at an angle 20 degrees from the 
horizon. The configuration that indicated the least variance 
over the range of frequencies analyzed and ground conditions 
investigated, was the "basic" configuration. It also showed 
the most desireable overall omnidirectional pattern. A 
comparison of the horizontal patterns of the three confi- 
gurations in the appendix illustrated the sharp differences. 
Figure 35 clearly shows the nulls that occurred in pattern 
of the "total" structure. These nulls are a result of the 
destructive interference and reradiations from not only the 
trailer but also the canvas brace and windshied. Operation 
of the antenna system with the trailer attached therefore, 
would detract from the system performance. If this system 
must be operated with the trailer attached (commuting) , then 
fading and distortion can be expected from any signal oriented 
along the axis eminating from the driver side of the vehicle. 

A decrease can be expected in excess of 5 dB with an arc of 
about 60 degrees. 
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Ground 



snow 



past 



wet 



Maximum 


Angle 


of Radiation 




Freq 


Basic 


Jeep 


Total 


(MHz) 


(angle deg) 


(angel deg) 


(angle deg) 


30 


25 


25 


50 


41 


20 


20 


45 


50 


15 


15 


20 


75 


20 


15 


25 


30 


25 


20 


20 


41 


20 


15 


45 


50 


15 


15 


15 


75 


25 


20 


20 


30 


20 


15 


20 
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Figure 34 Angle Of Maximum Gain 
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MRC-109 / PHI / THETfl= 70 



WET GRND / JEEP & TRLR / 41 MHZ 




-90 



Figure 35 Horizontal Radiation Pattern For Total Con- 
figuration. 9=70 degree, freq.=41 MHz 



IV. CONCLUSION AND RECOMMENDATIONS 



In this thesis an analysis has been presented for two 
antenna systems presently used by the Marine Corps. The 
utilization of these antenna systems, as currently con- 
figured in a distributed network plan, would place restric- 
tions on the flexibility of the network. Additionally, this 
study has shown the applicability of the Numerical Electro- 
magnetic Code (NEC) as a cost effective means of analyzing 
the propagation characteristics of complex structures. 

Numerical, experimental and theoretical results were 
compared, where possible. Agreement was generally very good 
and this was interpreted as an indication of the accuracy of 
the models developed. 

The first of the antenna systems, the RC-292, was 
determined to be an omnidirectional antenna over the opera- 
tional range, 30-75 MHz. The aximuthal plane patterns 
(0=90 deg) were within +0.5 dB of being omnidirectional. 

The elevation plane patterns ( 4> = 9 0 deg) contained a nominal 
angle of maximum radiation of 10 degrees with a main lobe 
value of 3 dB . The efficiency of the correctly configured 
(technical manual) antenna varied from 100 to 44 percent, 
depending on the frequency used. 

The overall significant operational characteristics of 
the RC-292 are: 
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(1) The RC-292 would not be an effective or efficient 
antenna to use in any communication design that incorporated 
wideband frequency hopping techniques. 

(2) When operated at the maximum height of 9.14 meters, 
the gain and the radiation patterns where not appreciably af- 
fected by the condition of the earth beneath the antenna. 
Attenuation of the pattern will occur as the height is low- 
ered. Greater than 50 per cent of available radiated power 
can be expected to be lost when the antenna is operated at 

3 meters, reducing the range. The angle of maximum radiation 
will increase from 10 degrees to 20 degrees when the antenna 
is lowered from 9.14 meters to 3 meters, additionally reducing 
the effective range. 

(3) Any deviations is constructing the antenna from the 
recommended operational configurations outlined in the tech- 
nical manual would result in degraded performance. Construc- 
ting the antenna for mid-band operation and operating it 
through the entire possible range of the antenna system results 
in an 80 percent overall power loss compared to the technical 
manual configuration. 

The other antenna system analyzed, the VHF vehicular 
mounted antenna, was a more complex problem. The vehicle 
chassis, upon which the antenna was mounted, caused reradia- 
tions of the power from the antenna, resulting in reshaped 
radiation patterns. Three possible vehicle configurations 
were studied at four discrete frequencies of operation over 
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three dissipative earth conditions. Geometrical symmetries 
were used to reduce the complexity and the computer run time. 
The azimuthal plane patterns for the recommended configuration 
(the basic configuration) varied within + 2 dB of omnidir- 
ectional. The elevation plane pattern contained a nominal 
angle of maximum radiation of 20 degrees. 

The overall operational significance of this analysis is: 

(1) The configuration of the vehicle has a determining 
impact on the overall radiation pattern generated from this 
antenna system. The recommended vehicle configuration would 
be the operation of the jeep without the the trailer attached, 
with the windshield down and the canvas brace off. Inclement 
weather would make this impossible, however, replacement of 
these items with dielectric material would eliminate this 
problem. 

C'2) Operation of the vehicle with the trailer attached 
should be avoided. Nulls in the pattern and loss of quality 
communications can be expected along the axis perpendicular 
to the driver, for an angle of 30 degrees either side of this 
axis . 

C3) Degraded performance in the system can be expected 
when operating over snow or desert conditions. The condition 
of the earth has an effect on the performance, with as much 
as 40 percent loss in snow. 

The overall recommendations from this study are that: 
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Cl) It is necessary, when using thin-wire modeling 
techniques for vehicular systems, that the segmentation be 
appropriately varied when the operational frequency bandwidth 
exceeds a ratio of 2:1. 

(.2) Brass scale model testing should be done for the 
vehicle configurations to enable a correlation between the 
numerical results and measured results. 

(3) A probabilistic system analysis be done on the 
vehicular structures for a total performance understanding. 

(4) Modeling of these vehicles at HF frequencies should 
be accomplished using the Sommerfeld option within .NEC, as 
the Fresnel reflection coefficient option indicated inflated 
results at the low frequency analyzred, 30 MHz. 

(5) Follow-on antenna systems, such as the OE-254, 
should be analyzed with the same techniques outlined here. 
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APPENDIX A 



Contained in this appendix is a listing of the radiation 
patterns generated by the NEC computer analysis for the 
RC-292 ground plane antenna. The heading for each radiation 
pattern contains the information necessary for the inter- 
pretation of the pattern. The first line of the heading 
contains the following: 

type antenna / type pattern (phi: horizontal) 

(theta: vertical) / plane of pattern 

The second line contain the following: 

ground / configuration / frequency 

The first twelve patterns reflect the directive gain 
analysis, while the ramaining patterns are power gain 
calculations for the ground conditions annotated. 

The last twelve patterns are the results of the antenna 
performance over snow, at an antenna height of 3 meters. 
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RC - 232 / PHI/ Thl£TA-80 



PERFECT GRNO/TECH MANUAL CONFIG/30 MHZ 




S 4 





RC-292 / THETR / PHI=90 



PERFECT GRNO/TECH MflNURL C0NFIG/30 MHZ 
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RC-292 / PHI/ THETfl=8Q 



PERFECT GRNQ / TROOP CONFIG / 30 MHZ 
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RC -292 / THETfl / PHI=90 
PERFECT GRNO / TROOP CONFIG / 30 MHZ 







87 



RC-292 / PHI/ THETA=ffO 



PERFECT GRNO / M I □ BRNO CONFIG / 41 MHZ 




38 



RC -292 / THETA / PHI=90 



PERFECT CRNO / MID BRNO CONFIG / 41 MHZ 




39 



RC-292 / PHI/ THE Tfl = 80 



PERFECT GF.NO / MID 8RN0 CONFIG / 50 MHZ 




90 



RC-292 / THETR / PHI=90 



PERFECT CRND / MID BAND CONFIG / 50 MHZ 




- 13.00 - 10.00 



0.00 3.00 10.00 13.00 20.00 
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RC - 292 / PHI/ THETA=8Q 



PERFECT GBMO/TECH MANUAL CGNFIG/75 MHZ 



180 




92 




RC-292 / THEIR / PHI=90 



PERFECT GRND/TECH MANUAL CONFIG/75 MHZ 




93 



RC-232 / PHI/ THETfl-80 



PERFECT GRNO / TROOP CONFIG / 75 MHZ 




94 



RC -232 / THETfl / PHI=30 
PERFECT GRNO / TROOP CONFIG / 75 MHZ 




95 



AC-2U2 / PHl/ THCTft-SO 



PERFECT GRNO/TECH MANUAL CONFIG/30 MHZ 




96 



RC - 292 / THLTH / PHI-9U 



PtRFECI GHNU/TC.CH MHNUHL CONFIG/ 10 Mtl/ 



m 

°0 




97 



PC-292 / PHI/ THETfl=80 



(LOAOED) 



PERFECT GRNO / TROOP CONFIG / 30 MHZ 




98 




RC-292 / THETA / PHI=90 



(LOADED) 



PERFECT SHNQ / TROOP CONFIG / 30 MHZ 




99 



R C - 2 b) J / PHI/ IHE !fl- 80 



PERFECT GRND / MID tjHNQ CONFIG / m MHZ 




100 




H C - <? 9 d / THE f H / PHI-911 



PERFECT GRNQ / MID fJ H N D CONFIG / Ml MHZ 




101 




RC -292 / PH I / THE TA= 70 



(LGAOEO) 



PER GRNO/TECH MANUAL CONFIG/50 MHZ 




102 



RC-292 / THETA / PHI=90 



ILQAOEO) 



PER GRND/TECH MANUAL CONFIG/50 MHZ 




RC-292 / PHI / THE TA = 80 



(LOAOEO) 



PERFECT GRND/TECH MANUAL CONFIG/75 MHZ 

I 




-30 



104 





RC -292 / THETfl / PHI-90 



(LGAGEO) 



PERFECT GRND/TECH MANUAL CONFIG/75 MHZ 



°o 




105 



RC -292 / PHI/ THETR=80 



(LORDED! 



PERFECT GRND / TROOP CONFIG / 75 MHZ 




106 



RC-292 / THETA / PHI=90 



ILUAOEO) 



PERFECT GRND / TROOP CONFIG / 75 MHZ 




RC-292 / PHI / THETA=80 



(LOADED) 



WET CRND/TECH MANUAL CONFIG/30 MHZ 




108 




RC-292 / THETA / PHI=90 



(LOADED) 



WET GAND/TECH MANUAL C0NFIG/30 MHZ 



°o 



-so 




109 



RC-292 / PHI / THETfl=80 



(LOROEO) 



WET GRNQ/ TROOP C0NFIG/30 MHZ 




110 




RC-292 / THETA / PHI=9Q 



(LOADED) 



WET GRND/ TROOP CONFIG/30 MHZ 



-90 




111 



RC -292 / PHI / THE TA = 80 



(LORDED) 



WET GRNO/TECH MANUAL CONFIG/41 MHZ 




112 




RC-292 / THETA / PHI=90 



(LORDED) 



WET GRND/TECH MANUAL CONFIG/41 MHZ 




- 13.00 - 10.00 



113 



RC-292 / PHI / THE T A = 80 



(LOADED) 



WET GRNO/TECH MANUAL CONFIG/50 MHZ 




-90 



114 



RC-232 / THETfl / PHI-90 



(LOADED) 



WET GRNO/TECH MANUAL CONFIG/50 MHZ 




- 15.00 - 10.00 - 5.00 0.00 5.00 



15.00 20.00 



115 



RC-292 / PHI / 7HETA=80 (LOADED) 
WET GRND/TECH MANUAL CDNFIG/75 MHZ 




116 




RC -292 / THETR / PHI=9G 



[LORDED) 



WET GRND/TECH MPNUfll C0NFIG/75 MHZ 




117 



RC-292 / PHI / THETA=80 



(LOAOEO) 



WET CRND/ TROGP CONFIG/75 MHZ 



* 90 




-BO 



118 



RC-292 / THETA / PHI=9G (LOADED) 
WET GRND/ TROOP CONFIG/75 MHZ 




- 15.00 - 10.30 - 5.00 0.00 



15.00 20.00 



119 



RC-292 / PHI / 7HETA=80 



(LOADED) 



PASTORAL/TECH MANUAL CONFIG/3Q MHZ 



in 



“90 




-90 



120 




RC-292 / THEIR / PHI=90 (LORDED) 
PASTORAL/ TECH MANUAL CONFIG/30 MHZ 




- 13.00 - 10.00 - 5.00 0.00 3.00 10.00 13.00 20.00 



121 




RC-292 / PHI / THETfl=80 



(LOflOEO) 



PASTORAL/ TROOP CONFIG/30 MHZ 




122 




RC-292 / THETA / PHI-90 



(LOADED) 



PASTORAL/ TROOP CONFIG/30 MHZ 




123 



RC-292 / PHI / THETR=80 (LORDED ) 

PASTQRAL/TECH MANUAL CONFIG/41 MHZ 



”90 




-90 



124 




RC -292 / THE TR / PHI-90 



(LOADED) 



PRSTORRL/TECH MANUAL CGNFIC/41 MHZ 



®o 




90 



125 



RC-292 / PHI / THE TA = 80 



HORDED] 



PRSTORRL/ TECH MANUAL CONFIG/50 MHZ 




126 




RC-292 / THETA / PHI=90 (LOADED) 
PASTORAL/ TECH MANUAL CCNFIG/50 MHZ 



o 

“0 




127 



R C- 292 / PHI / THETA=80 



(LOADED) 



PASTORAL/rECH MANUAL CONFIC/75 MHZ 




128 




RC -292 / THETA / PHI=90 



(LORDED) 



PflSTORfll/TECH MANUAL CONFIG/75 MHZ 





RC-292 / PHI / THETA=80 



(LGflDEO) 



PASTORAL/ TROOP CONFIG/75 MHZ 




130 



RC-292 / THETA / PHI=90 (LOADEO) 
PASTORAL/ TROOP CONFIG/75 MHZ 



RC-292 / PHI / THETA=8G ILlJRQEQ) 
SNOW /TECH MANURL CQNFIG/30 MHZ 



®90 




-90 



132 




RC-292 / THETA / PHI=90 



(LOADED) 



SNOW /TECH MANUAL CQNFIG/30 MHZ 




133 



RC-292 / PHI / THETA=80 (LOADED) 
SNOW / TROOP CONFIG/30 MHZ 




134 



RC-292 / THETA / PHI=90 (LOADED) 
SNOW / TROOP CONFIG/30 MHZ 




135 




RC-292 / PHI / THE TA = 8G 



(LOADED) 



SNOW /TECH MANUAL CONFIG/41 MHZ 




-80 



136 




RC -292 / THETR / PHI=90 



(LORDED) 



SNOW /TECH MRNUflL CONFIG/41 MHZ 




137 



RC - 292 / PHI / THE TA = 30 



(LGHDEQ) 



•NOW /TECH MANUAL CONFIG/50 MHZ 




-90 



138 





RC-292 / THE Tfl / PHI=90 (LOADED) 
SNOW /TECH MANUAL CQNFIG/50 MHZ 



. Q 



RC-292 / PHI / THET Fl = 80 



(LOADED) 



SNOW /TECH MANUAL CONFIG/75 MHZ 




140 





RC-292 / THETA / PHI=90 



(LORDED) 



SNOW /TECH MANUAL CONFIG/75 MHZ 




•13.00 -10.00 -5.00 0.00 3.00 10.00 IS. 00 20.00 



141 



RC- 292 / PHI / THE TA = 80 



(LQfiOED) 



SNOW / TROOP CONFIG/75 MHZ 



1C 




-80 



142 




RC-292 / THE Tfl / PH[=9G 



(LOflOED) 



SNOW / TROOP CONFIG/75 MHZ 




143 




RC -232 / PHI / THETfl=70 



(LOADED) 




144 




RC-292 / THETR / PHI=90 



(LORDED) 



SNOW /TM13MIR MRS T ) CONFIG/30 MHZ 



o 

°.Q 




145 



RC-292 / PHI / THETA = 70 



(LORDED) 



SNOW / f C ( 3 M T R MRS T ) CONFIG/30 MHZ 




146 



R C- 292 / THETfl / PHI=9Q 



(LOflOEQ) 



SNOW / F C 13MTR MAST) CQNFIG/30 MHZ 




147 



RC -292 / PHI / THE TA = 70 



(LGAOEO) 



SNOW /TMI3MTR MAST) CONFIG/41 MHZ 




148 



RC -292 / THETA / PH [ =90 



(LORDED) 



SNOW /TM ( 3 M T R MRST) CONFIG/41 MHZ 




149 



RC-292 / PH I / THETA = 70 (LOADED) 
SNOW /TMI3MTR MAST) CONFIG/50 MHZ 




150 





RC- 292 / THETA / PHI=90 



(LOAOEQ) 



SNOW /TMI3MTR MAST) CGNFIG/50 MHZ 




RC-292 / PHI / THE TA = 70 



ILQflOED ) 



SNOW / T M 1 3 M T R HAST) CONFIG/75 MHZ 




•120 



•90 



152 





RC -292 / THETA / 
SNOW / TM ( 3 M T R 



PH I =90 ILOflOED) 
MAST) CONFIG/75 MHZ 




- 13.00 - 10.00 - 5.00 0.00 5.00 10.00 15.00 



V 



153 



RC-292 / PHI / THE Tfl= 70 



(L0H0E0) 



SNOW /TCI3MTR MAST) CONFIG/75 MHZ 




154 



(LGROEO ) 



RC-292 / THETA / PHI=90 



SNOW /TC (3MTR MAST) CONFIG/75 MHZ 
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APPENDIX B 



Contained in this appendix is a listing of the radiation 
patterns generated by the NEC computer analysis of the 
MRC-109 VHF vehicular antenna. The heading for each radia- 
tion pattern contains the necessary information to analysis 
the pattern. The first line shows the following: 

type antenna / type pattern (phi: horizontal; 
theta: vertical) / plane of pattern 
The second line shows the following: 

ground condition / configuration / frequency 

The first sets of patterns include the orientation of 
the vehicle when the patterns were generated. For the 
vertical patterns, the arrows on the vehicle orientation 
indicate the "look" position of the observer to the vehicle 

The sets of patterns are arranged for each ground condi- 
tion analyzed. Each ground condition sub-set contains the 
three vehicle configurations in packets of twenty-four 
patterns per configuration. Within each packet there are 
six patterns, three horizontal (phi) and three vertical 
(theta), for each of the four frequencies that were examined . 

The scale of each polar plot is referenced to isotropic 
and the scale used must be noted when interpretation of 
plots is done. Note that for the horizontal pattern for 
lossy earth and theta equal to 90 degrees, the reference 
center point begins at -120 dBi. 
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MRC-109 / PHI / THETA=90 




157 



MRC-109 / PHI / THETfl= 80 
PERFECT GROUND / BRSIC / 30 MHZ 




-90 



158 




MRC-I09 / PHI / THETA- 70 
PERFECT GR0UN0 / BASIC / 30 MHZ 




159 



MRC-109 / THETA / PHI = 90 
PERFECT GR0UN0 / 8ASIC / 30 MHZ 




cd 



160 



'IRC - 109 / THETA / PHI 



180 




161 



MRC-109 / THETA / PHI = 120 

PERFECT GROUND / BASIC / 30 MHZ 





162 



MRC-109 / PHI / THE TR = 90 



PERFECT GROUND / BASIC / 41 MHZ 



-go 




163 




MRC-109 / PHI / THETfl= 80 




164 



MRC-109 / PHI / THETA= 70 
PERFECT GROUND / BASIC / 41 MHZ 



o 

90 




-SO 



165 



MR C - 1 Q 9 / THETA / PHI = 90 
PERFECT GR0UN0 / BASIC / 41 MHZ 



-90 




+ 



166 



MRC-109 / THETA / PHI = 130 
PERFECT GROUND / BASIC / 41 MHZ 




- 13.00 - 10.00 



Q 

t 



167 



MRC-109 / THETA / PHI = 120 

PERFECT GROUND / BASIC / 41 MHZ 




0 . 

f 



168 



MRC-109 / PHI / THETA-90 



PERFECT GROUND / SASIC / 50 MHZ 



m 




*€0 



169 



MRC-1Q9 / PHI / THETA= 80 



PERFECT GROUND / BASIC / 50 MHZ 




170 



70 



MRC-109 / PHI / T H E T A = 

PERFECT GROUND / BASIC / 50 MHZ 




171 



MRC-1Q9 / THEIR / PHI = 90 
PERFECT GROUND / BR3IC / 50 MHZ 




EH 

t 



172 



MRC-109 / THETA / PHI 



180 



PERFECT GROUND / BASIC / 50 MHZ 



a 




□ 

t 



173 



MRC-109 / THETR / PHI 



120 



PERFECT GROUND / BASIC / SO MHZ 



■’a 




a 

t 



174 



MRC-1C9 / PHI / THE Tfl = 90 



PERFECT GROUND / BHSIC / 75 MHZ 




175 



MRC - 1 09 / PHI / THE Tfl= 80 




176 



MRC-109 / PHI / THETA- 70 



PERFECT GROUND 



BASIC / 75 MHZ 




177 



k 



MRC-109 / THE T fl / PHI = 90 
PERFECT GROUND / BASIC / 75 MHZ 




j*. 



178 



MRC-109 / THETA / PHI = 180 
PERFECT GROUND / BRSIC / 75 MHZ 



9 

° Q 




Q 

t 



179 



MR C - 109 / THETA / PHI = 120 

PERFECT GROUND / BASIC / 75 MHZ 




15.00 * 10.00 



10.00 13.00 20.00 







180 



HRC-109 / PHI / THET A = 9Q 



PERFECT GR3UN0 / JEEP / 30 MHZ 

' 




181 



HRC-109 / PHI / THETfl= 80 
PERFECT GROUND / JEEP / 30 MHZ 




-BO 



182 



MRC-109 / PHI / THETfl= 70 
PERFECT GROUND / JEEP / 30 MHZ 




183 



MRC-109 / THETfl / PHI = 90 
PERFECT GROUND / JEEP / 30 MHZ 



-90 




- 13.00 - 10-00 - 4.00 0.00 3.00 10.30 13.00 20.00 







184 



MR C - 109 / THETA / PHI 



180 



PERFECT GR0UN0 / JEEP / 30 MHZ 



-so 




10.00 13.00 20.00 



+ 



185 



MRC-109 / THETA / PHI = 120 

PERFECT GROUND / JEEP / 30 MHZ 




186 




MRC-109 / PHI / THE Tfl = 9Q 



PERFECT GROUNO / JEEP / 41 MHZ 



*90 




187 




MRC-109 / PHI / THETA= 80 
PERFECT GROUND / JEEP / 41 MHZ 



*90 







138 



MRC-109 / PHI / THETfl= 70 



PERFECT GR0UN0 / JEEP / 41 MHZ 




189 



MRC-109 / THEIR / PHI = 90 




190 



MRC-109 / THETA / PHI = 180 
PERFECT GR0UN0 / JEEP / 41 MHZ 




t 



191 



MAC- 109 / THETfl / PHI = 120 

PERFECT GROUND / JEEP / 41 MHZ 




• 30 0.00 5.00 10.00 13.00 20.00 



t 



192 



MRC-109 / PHI / THETA=9Q 



PERFECT GROUND / JEEP / 50 MHZ 




195 




MRC-109 / PHI / THE TA= 80 



PERFECT GROUND / JEEP / 50 MHZ 



10 




194 




MAC - 1 09 / PHf / THETA= 70 



PERFECT GR0UN0 / JEEP / 50 MHZ 




195 



MRC-109 / THE Tfi / PHI = 90 
PERFECT GR0UN0 / JEEP / 50 MHZ 



“o 



MRC-109 / THETA / PHI = 180 
PERFECT GROUND / JEEP / 50 MHZ 




t 



197 



MRC-109 / THETA / PHI = 120 

PERFECT GROUND / JEEP / 50 MHZ 





/ 



198 



MRC-1Q9 / PHI / THETA=90 




199 



MRC-109 / PHI / THE TH= 80 



PERFECT GROUND / JEEP / 75 MHZ 




-90 



200 




MRC-109 / PHI / THETfl= 70 
PERFECT GROUND / JEEP / 75 MHZ 




-90 



201 



MRC-109 / THETA / PHI = 90 
PERFECT GROUND / JEEP / 75 MHZ 




t 



202 




MRC-109 / THETA / PHI = 180 

i 

PERFECT GR0UNO / JEEP / 75 MHZ 



“3 





t 



203 



MRC-109 / THETA 
PERFECT GROUND / 



/ PHI = 120 

JEEP / 75 MHZ 





i 



204 



MRC-1Q9 / PHI / THETR=90 



PER GRNO / JEEP l TRLfi / 30 MHZ 




MRC-109 / PHI / THETfl=8G 



PER GRNO / JEEP 4 TRLR / 30 MHZ 



® 90 




-90 



206 




MRC-109 / PHI / THETfl=70 

PER GRND / JEEP 4 TRLR / 30 MHZ 



I 



?90 




MRC-109 / THETfl / PHI=9Q 



PER GRNO / JEEP 4 TRLR / 30 MHZ 




13. M 20. QQ 



208 



MRC-109 / THETA / PHI=18Q 



PER GRND / JEEP 4 TRLR / 30 MHZ 




209 



MRC-109 / THETA / PH I = 1 20 



PEA GRNO / JEEP 4 TRLR / 30 MHZ 



-90 




210 



MRC-109 / PHI / THETfl=90 



PER GRNO / JEEP « TRLR / 41 MHZ 




211 



MRC-109 / PHI / THETfl=8Q 



PER GRNO / JEEP 4 TRLR / 41 MHZ 




212 



MRC-109 / PHI / THE T A- 70 



PER GRNO / JEEP 4 TRLR / Ml MHZ 




213 



MAC - 1 09 / THETA / PH[=S0 



PER GRN3 / JEEP 4 TRLR / 41 MHZ 



m 

®0 




HOTO 



t 



214 



MRC-103 / THETA / PH I = 1 80 

PER GRNO / JEEP 4 TRLR / 41 MHZ 



®o 



MRC-103 / THETA / PHI-120 

PEA GANO / JEEP 4 TRLR / 41 MHZ 



'30 





216 





MRC-109 / PHI / TH£Tfl=9G 



PER GRNO / JEEP <t TRIR / 50 MHZ 




217 



MRC-103 / PHI / THETfl=aO 

PER GRNO / JEEP 4 TRLR / 50 MHZ 



90 



MRC-109 / PHI / THETfl=7G 



PER GRNO / JEEP 4 TRLR / 50 MHZ 




219 



MRC-109 / THETfl / PH I =90 



PER GRNO / JEEP 4 TRLR / 50 MHZ 



m 

®0 




srd^ 



f 



220 



MRC-109 / THE Tfl / PH [ = 1 80 



PER GRND / JEEP 4 TRLR / 50 MHZ 



3 0 





t 



MRC-109 / THETfl / PHI=120 



PER GRND / JEEP 4 TRLR / 50 MHZ 




t 




222 



MRC-109 / PHI / THETA=90 



PER GRNO / JEEP 4 TRLR / 75 MHZ 



a 

® 90 




223 




MRC-109 / PHI / THE Tfl = 80 

PER GRND / JEEP i TRLfl / 75 MHZ 




224 



MRC-109 / PHI / THE Tfl = 70 

PER GRNO / JEEP s, TRLR / 75 MHZ 




225 



MRC-109 / THE T Fi / PHI=90 



PER GRND / JEEP 4 TRLR / 75 MHZ 





t 



226 



MRC-109 / THE Tfl / PHI = 180 



PER GRND / JEEP 4 TRLR / 75 MHZ 








t 



227 



MRC-109 / THETA / PHI=120 



PER GRND / JEEP 4 TRLR / 75 MHZ 



a 

°.Q 





i 



228 




MRC-109 / PHI / THETR=9Q 



WET GROUND / BASIC / 30 MHZ 




229 




MRC-109 / PHI / THETA= 30 



WET GROUND / BASIC / 30 MHZ 




-so 



230 




MRC-109 / PHI 



70 



/ THE!fl= 



WET GROUND / BKSIC 



/ 30 MHZ 




231 



MRC-IQ9 / THETA / PHI = 90 



WET GR0UN0 / BASIC / 30 MHZ 




-13.QQ -10.00 -3.00 0.00 3.00 10.00 15.00 20.00 



232 





MRC-109 / THETfl / PHI 



180 



WET GROUND / BRSIC / 30 MHZ 




233 




MRC-109 / THETfl / PHI = 
WET GROUND / BRSIC 



120 

/ 30 MHZ 



“0 




234 



MRC-109 / PHI / THETA=90 



WET GROUND / BASIC / 41 MHZ 



o 

■3 90 




235 



80 



MAC - 1 09 / PHI / THET A = 

WET GROUND / BASIC / 41 MHZ 



= 90 




236 



70 



MRC-1G9 / PHI / THETfl= 

WET GR0UN0 / EfiSIC / 41 MHZ 



ISO 




-90 



237 




MRC-109 / THETA / PHI = 90 



WET GR0UN0 / BASIC / 41 MHZ 




• 15.00 > 10.00 - 5.00 0.00 5.00 10.00 13. 00 20.00 



238 



MR C - 109 / T HE T fl / PHI = 180 



WET GR0UN0 / BASIC / 41 MHZ 




- 15.00 - 10.00 - 5.00 0.00 5.00 10.00 13.00 20.00 



239 



MRC-109 / THETA 



WET GROUND / 



-90 



/ PHI = 
BASIC 



120 

/ 41 MHZ 




240 




MRC-109 / PHI / THETR=90 



WET GROUND / BASIC / 50 MHZ 



o 

*90 




241 




MRC-109 / PHI / THE TA= 30 
WET GRGUNO / BASIC / 50 MHZ 




-90 



242 



MRC-109 / PHI / THE Tfl = 70 
WET GROUND / BfiSIC / 50 MHZ 




243 




MRC-109 / THETA / PHI = 90 

WET GROUND / BASIC / 50 MHZ 




244 



MR C - 1 OS / THETA / PHI = 180 

WET GROUND / BASIC / 50 MHZ 



-90 



O 

0 




245 



MRC-109 / THETA / PHI = 
WET GROUND / BASIC 



120 

/ 50 MHZ 




13.00 20.00 



246 



MRC-109 / PHI 



/ THETA-90 



WET GROUND / BASIC 



75 MHZ 



2 9a 




247 



MRC-109 / PH [ / THETA= 30 



WET GROUND / BASIC / 75 MHZ 




248 



70 



MRC-109 / PHI / THETA* 

WET GROUND / BASIC / 75 MHZ 




249 



MRC-109 / THETA / PHI = 90 



WET GROUND / BASIC / 75 MHZ 




To. oa 



90 0.00 S.00 10.00 IS. OS 20.00 



250 



/ 




MRC-109 / THETA / PH! = 180 

WET GR0UN0 / BASIC / 75 MHZ 




251 



MRC-109 / THETA / PHI = 
WET GROUND / BASIC 



120 

/ 75 MHZ 



®0 



MRC-109 / PHI / THETA=90 



WET GROUNO / JEEP / 30 MHZ 



8 




. 253 



MRC-109 / PHI / THETA= 80 



WET GROUND / JEEP / 30 MHZ 




-90 



2 54 



MAC- 109 / PHI / THETfl= 70 



WET CRGUNO / JEEP / 30 MHZ 




255 




MRC-109 / THETA / PHI = 90 



WET GROUND / JEEP / 30 MHZ 




256 



MRC-109 / THETA / PHI = 180 
WET GR0UN0 / JEEP / 30 MHZ 




257 



MAC - i 09 / THETA / PHI = 120 

WET GROUND / JEEP / 30 MHZ 



= 0 




258 



MRC-109 / PHI / THETfi=9G 



WET GflQUNO / JEEP / 41 MHZ 



a 

^ 90 




259 



MRC-103 / PHI / THE Tfl= 80 



WET GROUND / JEEP / 41 MHZ 




260 



MRC-10S / PHI / THETA= 70 



WET GROUND / JEEP / 41 MHZ 




261 




MRC-109 / THE Tfl / PHI = 90 



WET GR0UN0 / JEEP / 41 MHZ 










262 



MR C - 109 / THE TR / PHI 



180 



WET GR0UN0 / JEEP / 41 MHZ 




MRC-109 / THETR / PHI = 120 

WET GR0UN0 / JEEP / 41 MHZ 



-90 




264 



MRC-109 / PHI / THETA=90 



WET GROUNO / JEEP / 50 MHZ 




265 





MRC-109 / PHI / THETfl= 30 



WET GR0UN0 / JEEP / 50 MHZ 




266 



MRC-109 / PHI / THE Tfl = 70 



WET GROUND / JEEP / 50 MHZ 




267 



MRC-109 / THETA / PHI = 90 



WET GROUND / JEEP / 50 MHZ 




268 



MRC-iOO / THETfl / PHI 



180 



WET GROUND / JEEP x 50 MHZ 




! 



269 



MRC-109 / THE Tfl / PHI = 120 

WET GRQUNO / JEEP / 50 MHZ 




- 15.00 - 10.00 - 5.00 0.00 5.00 



5.00 20.00 



270 




MRC-109 / PHI / THETA=90 
WET GROUND / JEEP / 75 MHZ 



o 

*90 




271 



MRC-109 / PHI / THE Tfl = 80 



WET GROUND / JEEP / 75 



“BO 








I 







MRC-109 / PHI / THE TA = 7Q 



WET GROUNO / JEEP / 75 MHZ 




-90 



273 



MR C - 109 / THETA / PHI = 90 
WET GROUND / JEEP / 75 MHZ 



“0 



-90 




I 



274 




MRC-109 / THE TR / PHI = 180 
WET GROUND / JEEP / 75 MHZ 



-40 




275 



MRC-109 / THETA / PHI = 120 

WET GROUND / JEEP / 75 MHZ 




.00 20.00 



276 



MRC-109 / PHI / THETA=9Q 
WET GRND / JEEP <S TRLR / 30 MHZ 



2 90 



MRC-109 / PHI / THETA=80 



WET GRND / JEEP 4 TRLR / 30 MHZ 




278 



MRC-103 / PHI / THETA-70 
WET GRNO / JEEP 4 TRLR / 30 MHZ 



* 90 



MflC-109 / THETfl / PHI=90 
WET GRNO / JEEP 4 TRLR / 30 MHZ 






MRC-109 / THETfi / PHI=180 



WET GRND / JEEP 4 TRLR / 30 MHZ 



So 




281 




MRC-1Q9 / THETA / PH I = 1 20 



WET GAND / JEEP « TRLR / 30 MHZ 




- 15.00 - 10.00 



282 



MRC-1Q9 / PHI / THETfl-90 
WET GRNO / JEEP 4 TRLR / 41 MHZ 



s 

• 90 




-80 



285 



MRC-109 / PHI / THETfl=80 



WET GRNO / JEEP 4 TRLR / 41 MHZ 



*90 




-SO 



234 



MRC-109 / PHI / THETA=70 
NET GRND / JEEP « TRLR / 41 MHZ 






MRC-109 / THE Tfl / PHI=90 



WET GRNO / JEEP 4 TRLR / 41 MHZ 



a 

®o 




286 



MflC-109 / THETfl / PH I = 1 80 



WET GRND / JEEP « TRLR / 41 MHZ 




- 13.00 - 10.00 - 3.00 0.00 



13.00 20.00 



287 



MRC-133 / THE Tfl / PH I = 1 20 



WET GRND / JEEP 4 TRLR / 41 MHZ 



m 

“o 




288 



MRC-109 / PHI / THETA=90 



WET GRNO / JEEP S, TRIR / 50 MHZ 




289 



MflC-103 / PHI / THE TA = 80 
WET GRNO / JEEP * TRLR / 50 MHZ 



= 30 




MRC-109 / PHI / THETfl=70 



WET GRNO / JEEP 4 TRIR / 50 MHZ 



MRC-109 / THE TR / PHI = 90 



WET GRNO / JEEP 4 TRLR / 50 MHZ 




‘-l 5. 00 -10.00 -5.00 0,00 3.00 10.00 13.00 20.08 



292 



MRC-109 / THE TR / PHI=18Q 



WET GRND / JEEP 4 TRIP / 50 MHZ 



*o 




293 



MRC-109 / THETA / PH I = 1 20 



WET GRND / JEEP 4 TRLR / 50 MHZ 



a 

®o 




294 



MRC-109 / PHI / THETfl=9Q 



WET GRNO / JEEP 4 TRLR / 75 MHZ 



8 

• 90 




-90 



295 





MRC-103 / PHI / THETfl=80 
WET GRND / JEEP 4 TRLR / 75 MHZ 




296 



MRC-109 / PHI / THET A = 70 
WET GRNQ / JEEP £ TRLR / 75 MHZ 



30 




-40 



297 





MRC-109 / THETA / PHI=90 
WET GRNO / JEEP 4 TRL A / 75 MHZ 



s 0 




MRC-109 / THETA / PH I = 1 8 0 
WET GRNO / JEEP 4 TRLR / 75 MHZ 



-90 




299 



MRC-109 / THETA / PH I = 1 20 
WET GANO / JEEP 4 TRLR / 75 MHZ 



°.Q 



MRC-1Q9 / FHI / THE TA = 90 
PASTORAL / BASIC / 30 MHZ 




301 



MRC-1Q9 / PHI / THETA= 80 



PASTORAL / BASIC / 30 MHZ 




302 



70 



MRC-109 / PHI / THETA- 
PASTORAL / 8ASIC / 30 MHZ 




303 




MR C — 109 / THETA / PHI = 90 
PASTORAL / BASIC / 30 MHZ 




304 




MRC-109 / THETA / PHI 



180 



PASTORAL / BASIC / 30 MHZ 




MAC- 1 09 / THETA / PHI 



120 



PASTORAL / BASIC / 30 MHZ 




306 



MRC-109 / PHI 



/ THETFI = 9Q 



PASTORAL 



/ BASIC / 41 MHZ 



W90 




-90 



307 



MRC-109 / PHI 



/ THE Tfl= 80 




308 




MRC- 1 09 / PHI / THETA- 70 
PASTORAL / BASIC / 41 MHZ 



“90 




509 



MRO109 / THETfl / PHI = 90 
PASTORAL / BASIC / 41 MHZ 



90 




- 15.30 - 10.00 



310 



MRC-109 / THETfl / PHI = 180 
PASTORAL / 8 fl S I C / 41 MHZ 



" o 



MR C - 109 / THETA / PHI = 120 

PASTORAL / 3AS IC / 41 MHZ 



o 

?0 




312 



MRC-109 / PHI / THETA=90 



PASTORAL / BASIC / 50 MHZ 



*90 




-90 



315 



MRC-L09 / PHI / THETA= 80 
'PASTORAL / BASIC / SO MHZ 



®so 




314 




MRC-109 / PHI / THE TA = 70 
PASTORAL / BASIC / 75 MHZ 



® 90 



MAC - 1 09 / THETA / PHI = 90 
PASTORAL / BASIC / 50 MHZ 



-90 




316 



MRC-1C9 / THETfl / PHI = 180 
PASTORAL / 80S I C / 30 MHZ 



a 

=o 




317 



120 



MRC-109 / THETA / PHI = 

PASTORAL / BASIC / 50 MHZ 



o 

-a 




MR C - 109 / PHI / THE T A = 90 
PASTORAL / BASIC / 75 MHZ 




319 



80 



MAC - 1 09 / PHI / THETA= 

PASTORAL / BASIC / 75 MHZ 




320 



MRC-109 / PHI / THE Tfl = 70 
PASTORAL / BASIC / 50 MHZ 



“90 




-ec 



321 



MRC-109 / THETA / PHI 



90 



PASTORAL 



/ BASIC / 75 MHZ 




13.00 -10.00 



iQ.OO 13.00 20.00 



322 



MR C - 109 / THETA / PHI = 130 
PASTORAL / BASIC / 75 MHZ 




323 



MR C - 1 G 9 / THETR / PHI = 12Q 



PflSTQRRL 



/ BASIC / 75 MHZ 




- 11.00 - 10.00 - 5.00 0.00 1.00 10.00 15.00 20.0 



324 



MRC-109 / PHI / THETA=90 
PASTOBflL t JEEP / 




325 




MR C - 1 Q 9 / PHI / THETA= 30 



PASTORAL / JEEP / 30 MHZ 



*80 




326 



MRC-109 / PHI / THE Tfl= 70 
PASTORAL / JEEP / 30 MHZ 




527 



MRC-109 / 



THETR / PHI = 90 



PASTORAL / JEEP / 



30 MHZ 




328 



MRC-109 / THETA / PHI = 180 
PASTORAL / JEEP / 30 MHZ 



i 



-90 




329 



MRC-1G9 / THETA / PHI 



120 



PASTORAL / JEEP / 30 MHZ 







I 



330 



MRC-109 / PHI / THETA=9Q 



PASTORAL / JEEP / 



41 MHZ 



Sot 




-90 



331 



MRC - 109 / PHI / THE TR= 80 
PASTORAL / JEEP / , •- >41 MHZ 



to 




-80 



v. 



33 2 



MRC-109 / PHI / THETA- 70 
PASTORAL / JEEP / Ml MHZ 




333 



MRC-1G9 / THETA / PHI = 90 
PASTORAL / JEEP / 41 MHZ 



“0 



-30 




334 



MRC-109 / THETfl / PHI 



180 



PASTORAL / JEEP / 41 MHZ 



-90 




.00 20.00 



335 



MRC-109 / THETA / PHI 



120 



PASTORAL / JEEP / 41 MHZ 



“0 



-40 







336 



MRC-109 

PASTORAl 



PHI / THETR=90 
JEEP / 50 MHZ 



«90 




MRC-109 / PHI / THE Tfl = 80 



PfiSTORflL / JEEP / 



50 MHZ 



1 90 



IB 




-90 



338 





MRC-109 / PHI / THE Tfl= 70 



PASTORAL / JEEP / 50 MHZ 




339 



MRC-109 / THETA / PHI = 90 



PASTORAL / JEEP / -50 MHZ 




540 



190 



MRC-109 / THETA / PHI = 

V - _ 

PASTORAL / JEEP / 50 MHZ 




541 



MRC-109 / THETA / PHI 



120 



PASTORAL / JEEP / 50 MHZ 



®0 




342 




MAC- 109 / PHI / THET A = 90 



PASTORAL / JEEP / 75 MHZ 



s 

■i 90 




343 



MRC-109 / PHI / THETA= 80 



PASTORAL / JEEP / 



75 MHZ 




-90 



344 



MRC- 109 
pastoral 




-30 



/ PHI / THE TR ^ 70 
/ JEEP / 75 MHZ 



345 



MRC-109 / THETfl / PHI = 90 



PRSTORfll / JEEP / 75 MHZ 



o 




346 



i 




MRC-109 / THETfl / PHI 



180 



PflSTORGL / JEEP / 75 MHZ 



I 




347 



120 



MRC-1C9 / THETA / PHI = 

K - 

PASTORAL / JEEP / 75 MHZ 




MRC-109 / PHI / THE Tfl = bu 



PASTORAL / JEEP 4 TRLfl / 30 MHZ 



I 



o 




-90 



549 



MRC-109 / PHI / 7HETA=8Q 



PASTORAL / JEEP 4 TRLR / 30 MHZ 




350 





: MRC- 109 / PHI / THETfl = 70 



"MSTORfiL / JEEP 4 TRIR / 30 MHZ 




351 



MRC-1G9 / THEIR / PHI=90 



PASTORAL / JEEP 5 TRLR / 30 MHZ 




*-13.00 -10.00 -3.00 0.X 3.X 10.30 13.00 20.30 



\ 



352 




MRC-109 / THETA / PHN18Q 
PASTORAL / JEEP 4 TRLR / 30 MHZ 



MR C - 109 / THETA / PHI = 120 
PASTORAL / JEEP 4 TRLfl / 30 MHZ 



l 




354 



MflC-109 / PHI / THETfl=90 
PASTORAL / JEEP 4 TRLR / 41 MHZ 



•'90 




355 



MRC-109 / PHI / THE TA = 80 
PASTORAL / JEEP 4 TRLR / 41 MHZ 







356 





V MRC-1Q9 / PHI / THETA=7Q 
PASTORAL / JEEP 4 TRLA / 41 MHZ 



” 30 




— 90 






357 



MRC-109 / THETA / PHI=9Q 



PASTORAL / JEEP 4 TRIR / 41 MHZ 




MflC-109 / THETA / PH I = 1 80 
PASTORAL / JEEP 4 TRLR / HI MHZ 




359 




MRC-109 / THE TR / PH I = 1 20 



PASTORAL / JEEP 4 TRLR / 41 MHZ 



MRC-109 / PHI / THETR=90 
PASTORAL / JEEP 4 TRLR / 50 MHZ 



m 90 





MRC-109 / PHI / THETA=80 



PASTORAL / JEEP 4 TRLR / 50 MHZ 




362 



MRC-109 / PHI / FHET A = 70 



PASTORAL / JEEP 4 TRLR / 50 MHZ 




363 




MRC-109 / THETA / PHI=9Q 



PASTORAL / JEEP 4 TRLR / SO MHZ 



10 




364 



ItRC - 1 09 / THETA / PH I = 1 80 
PASTORAL / JEEP 4 TRLR / 50 MHZ 




-13-aa - u). oo -3.00 o.oo s.oa io.oo is.oo ao.oo 



365 



MRC-109 / THETA / PH I = 1 20 



PASTORAL / JEEP « TRLR / 50 MHZ 



-90 







% 

366 






MRC-109 / PHI / THETA=90 
PASTORAL / JEEP 4 TRLR / 75 MHZ 



.'90 



MAC - 109 / PHI / THE T A = 8C 
PASTGAAL / JEEP 4 TRLA / 75 MHZ 




368 



MRC-109 / PHI / THE T A = 70 
PASTORAL / JEEP 4 TRLR / 75 MHZ 



*90 




MRC-109 / THETfl / PH [ =90 



PflSTGRHL / JEEP i TRLR / 75 MHZ 



1 





370 



MRC-109 / THETA / PH I = 1 80 



PASTORAL / JEEP $ TRLR / 75 MHZ 



MAC- 109 / THETA / PH I = 1 20 
PASTORAL / JEEP 4 TRLR / 75 MHZ 




I 



372 



MRC-1G9 / PHI / THETA-90 



SNOW 



BASIC / 30 MHZ 



8 

«eo 



€> 



MRC- 109 
SNOW 



PHI / THE T fl= GO 

/ BASIC / 30 MHZ 



“90 



MR C — 109 / PHI / THETA= 70 



SNOW 



/ BASIC / 30 MHZ 




375 



MRC-109 / THE'S / PHI = 30 

SNOW / BASIC / 30 MHZ 



s 0 




376 




MRC-109 / THETA / PHI 



180 



SNOW / BASIC / 30 MHZ 




13.00 20.00 



111 

I 



I 




\ 

MRC-109 / THETA / PHI = 120 

SNOU / BHSIC / 30 MHZ 




378 



MRC-109 / PHI / THETfl=90 



SNOW 



/ BASIC / 41.MH2 



«90 



(O 




-90 



179 





MAC - 1 09 / PHI / THE TA= 80 

SNOW / BASIC / 41 MHZ 



® 90 




380 

i 



f 



y - 



MRC-109 / PHI / THE T A = 70 
- - *' 

SNOW / BASIC / 41 MHZ 




381 




MRC-109 / THETA / PHI 



90 



SNOW / BASIC / 41 MHZ 




-15.00 -10.00 -3.00 0.00 3.00 10.00 L3.00 20.00 



382 




MAC- 109 / THETfl / PHI 



ISO 



SNOW / BflS I C / 4.1 MHZ 




.00 15.00 20.00 



383 






MRC-109 / THETfl / PHI = 120 



SNOW 



/ BASIC / 41 MHZ 




i. 00 20.00 



384 



MRC-109 / PHI / THE T A = 9G 



SNOW 



BASIC / 50 MHZ 



;9Q 



MRC-103 / PHI / THE TR= 80 



SNOW 



/ BASIC / 50 MHZ 



’90 



MRC-IQ9 / PHI / THETA 



70 



rSNOW / BASIC / 50 MHZ 




-so 




MAC - 1 09 / THETA / PHI = 90 



SNOW / BASIC / 50 MHZ 




-13.00 -10.00 -5.00 O.C 



3.03 20.00 



338 



MRC - 109 / THETA / PHI = 130 



SNOW 



/ BASIC / 50 MHZ 




15.00 *10.00 -3.00 0.00 S.SO 10.00 L3.00 20.00 



389 



MR C - 109 / THETfl / PHI 



120 



'SNOW / BASIC / 50 MHZ 




MRC-109 / PHI / THETA=90 



SNOW 



/ BASIC / 75 MHZ 




391 



* 




MRC-109 / PHI / THETA= 80 



SNOW / BASIC / 75 MHZ 




392 



/ 



MRC- 109 / PHI / THE Tfl= 70 



SNOW / 80S I C / 75 MHZ 




393 






MRC-109 / THETA / PHI = 90 



SNOW / BASIC / 75 MHZ 




i 



394 



MRC-109 / THETfl / PHI 



180 



SNOW / BASIC / 75 MHZ 



9 

°.0 




MRC-109 / THETA f PHI « ' 120 

SNOW / : BRSIC / 75 MHZ 




396 



I 

MRC-109 / PHI / THE T A = 90 

SNOW / JEEP / 30 MHZ 




-80 



397 







MRC-1Q9 / PHI / THETfl= 80 




398 




MRC-109 / .PHI / _THcTfl= 70 

SNOW / JEEP / -- 30- MHZ 



= 90 




MRC-109 / THETA / PH i = 90 



SNOW / JEEP / 30 MHZ 




l 



400 



MRC-109 / THETR / PHI = 
SNOW / JEE p / 



“0 



MRC-109 / THETA / PHI 



120 




-90 



MRC-109 / PHI / THETA=90 



SNOW / JEEP / 



41 MHZ 







-40 



403 



MRC-109 / PHI / T H E T Ft = 80 

SNOW / JEEP / 41 MHZ 




404 



MR C - 109 / PHI / THETfl= 70 
SNOW / JEEP / 41 MHZ 




-90 



405 




MRC-109 / THETA / PHI = 90 
SNOW / JEEP / 41 MHZ 



= o 




I 



406 



MRC-109 / THETA / PHI 



180 



SNOW / JEEP / 41 MHZ 




407 



-MAC- 1 09 / THETA / PHI 



120 




i 



i 



408 



MRC-109 / PHI / THE Tfl = 90 

SNOW / JEEP / 50 MHZ 




409 




MRC-109 / PHI' / THETfl= 80 



SNOW / JEEP / 50 MHZ 



?90 




-90 



410 



.MRC- 109 /.PHI / THETfl= 70 
-.SNOW / JEEP / : 50 MHZ 



” 90 




411 




MRC-109 / THETA / PHI = 90 
SNOW / JEEP / 50 MHZ 



“o 




412 



MRC-109 / THETfl / PHI = 100 



SNOW 



/ JEEP / 



50 MHZ 




15.00 >10.00 -5.00 0. 



413 



MRC-109 / THETA / PHI 



120 



SNOW / JEEP / 50 MHZ 




i 



414 




MflC-109 / PHI / THE Tfl = 90 

SNOW / JEEP / 75 MHZ 




415 



MflC-109 / PHI / THE Tfl= 80 

SNOW / JEEP / 75 MHZ 




416 



MRC-109 / PHI / THE Tfl= 70 



SNOW / JEEP / 75 MHZ 



l 




-00 



417 

j 



i 



\ 




I 



MRC-109 / THETA / PHI = 90 
SNOW / JEEP / 75 MHZ 




418 



MRC-109 / THE TR / PHI 



180 



SNOW / JEEP / 75 MHZ 




419 




MRC-109 / THETA / PHI 



120 



SNOW / JEEP / 75 MHZ 




420 




MRC-109 / PHI / THETfl=90 



SNOW / JEEP 4 TRLfl / 30 MHZ 




421 



MRC-109 / PHI / THETfl=80 



SNOW / JEEP 4 TRLR / 30 MHZ 

I 



® 90 




-90 



422 



! 



MAC - 1 09 / PHI / THETA = 70 

SNOW / JEEP 4 TAIR / 30 MHZ 



“90 




423 



MRC-109 / THE Tfl / PHI-90 



SNOW / JEEP 4 TRLR / 30 MHZ 




- 13.00 - 10.00 - 5.00 0.00 



10. 00 1 . 3.00 20.00 



424 



MRC-IQ9 / THETA / PH I = i 8Q 



SNOW / JEEP 4 TRLR / 30 MHZ 



MRC-109 / THETA / PH 1= 1 20 
- SNOW / JEEP 4 TRLR / 30 MHZ 




15.00 * 10.00 - 5.00 0.00 5.00 10.00 15.00 



426 



MRC-109 / PHI / THETA=90 

SNOW / JEEP 4 TRLfl / 41 MHZ 



“90 




427 



MRC-109 / PHI / THETfl = 70 



SNOW / JEEP 4 TRIR / 41 MHZ 



I 



MRC-109 



PHI / THETA-80 



SNOW / JEEP 4 iRLR / 41 MHZ 




429 



MAC - 1 09 / THETA / PH I =90 

SNOW / JEEP i TRLA / 41 MHZ 



-90 




'- 13.00 - 10.00 - 3.00 0.00 3.00 10.00 13.00 20.00 



I 



430 



MRC-109 / THE Tfl / PH [ = 1 8Q 



SNOW / JEEP & TRLR / 41 MHZ 







431 



MRC-109 / THETfi / PHI=120 



SNOW / JEEP $ TRLR / 41 MHZ 




-90 




MRC-109 / PHI / THE TR = 90 



SNOW / JEEP 4 TRLR / 50 MHZ 




433 



« 



MRC-109 / PH r / THETA = 8Q 

SNOW / JEEP 4 TRLR / 50 MHZ 




454 






MRC-109 / PHI / THETR=70 

SNOW / JEEP <5 TRLR / 50 MHZ 

I 



®9Q 




435 



MRC-109 / THETR / PHI-90 

SNOW / JEEP <5 TRIR / 50 MHZ 



s Q 



MflC-109 / THETA / PH I = 1 80 



SNOW / JEEP 4 TRLR / 50 MHZ 




437 



„ MRC-109 / THETA / PH I = 120 

-. SNOW / JEEP 4 --TRLR / 50 MHZ 






MRC-109 / PHI / THETfl=9Q 

SNOW / JEEP 4 TRLR / 75 MHZ 



MRC-109 / PHI / THETA=8G 

SNOW ( JEEP i TRLR / 75 MHZ 




440 




KRG-109 / PHI / THETft=7Q 

SNOW / JEEP S TBLR / 75 BHZ 




441 







MRC-109 / THETR / PHI=90 



SNOW / JEEP 4 TRLfl / 75 MHZ 




442 






MRC-109 / THETA / PH I = 1 80 

SNOW / JEEP 4 TRlfi / 75 MHZ 







443 



MftC-109 / THETA / PHI=120 



SNOW / JEEP 4 TRLfl / 75 MHZ 




444 



APPENDIX C 



This appendix contains a sample of the input 
tructure for each of the configurations in this 



geometry 

study. 
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FI IE: FCTEST2 [ill 



PI 






RC-292 AFPRCX 
T.M. CONFIGURED 



30.0 ‘•'H 2 



PASTORA L 



**** =M ** t » 4 * * 

CM 
CM 
CM 
CM 
CM 
CM 
CM 
CM 
CM 
CM 
CM 
CM 

GW1. I 8,0 ,C ,C ,0 ,0 , 9.1 5 , C 
GC0,O, .95, • C2 , . C C3 
GW2,8,0,0,9. 1 5,0,-1.51,6.947, .003 

»C, C, 5. *5 ,-l .;0 77 ,. 755 ,6.94 7, .0C3 
1 -3C77, .755,6.947,. 00 3 
^ 3 #0f c,11.32 ,0 

GCC, 0 , .9 5 , . C C 3 , . CC2 
G c 1 

IRC, C , C ,C ,?C.0,0 

GN 2, C,C» C, 13 . , C .0 0 5 

EX C» 5 , 2 » GO, 10 

RPC, 21,1 ,1511 ,70, 5C,1, C 

E N 



* * ♦ *.«)({*> 



LOW 5 AND 



30.0 - 36.5 



HEIGHT 30 FT. 



* * 



iXWZx + ic * 



FILE: RCT55T CATA PI 

£ ■**»** * M * :* 4 » * * * « * * .c j* * *- * ? * .£ + * jc * a; * * ♦ *c a *r. s' ¥ * * 4 * * *t >. at * » a « * * 

CM 

CM 

CM K'C-252 APPROX 

CM 

cm t.m. configured ugh p 50.5 - 75.55 

CM 

CM 

CM 70.0 mhZ HEIGHT 30 FT. 

CM 

CM PASTORAL 

CM 

G£ ^ * 4 t 3 c 4 3 X a *z ?p#* «* a« aa 

GW 1 , 1 8 , C , C , C , C , C , 5 . 1 5 , C 
GCC,C,.55,.C2,.0C2 

GW2,E,C, C, 5. 1 5,0, -.943 5, 7. 7 7 2 ,. 003 
G *3, 8 ,0 ,0 ,9. 15 ,- .6 17, . ^ 71 7 5, 7. 77 2, . 00 3 
GW 4 * £ , C * C,5.I5,.ol7,.47 175,7.772, .003 
Gis5,8,C,0,5.15 ,J,C,1C.26,0 
GCC, 0, .95, .003 ,.002 
GE 1 

FRC,G, 0,0, 70.0 ,0 

EXG, 5, 2, CO ,1C 

GN2 , C ,C ,0 , 13. , C . 0 C 5 

KPO, 21. 1, 1511, 7 C, 90, l , 0 

EN 
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F I LE : KC-2 52-i OAT A 



*4 ?? i 




CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 



^EinJ-CLT GRCJMD 



RC—292 APPRuX 

T KUO F CCNF I jU.< EO MID dAND 



40.0 :\HZ HE IGHT 30 FT 




GC 0,0 , m j o t . 02 , #0 j 3 

uW Z » d » 0 1 J » '? « L5»D» — l«*.2t»7. 05950-, » .003 

GW i,3»3»G»9.i:>»-1.0oi7 , 7 , . c 1 3 » 7 . 35 93 0^ * . 00 3 

Sw4t ot 0 i C» S . 1 P » i • 0 5 1 T ^7 » • 613, / ..i59504,.00 5 

GW 5,3,0, 0,9.lP, 0,0,10. 0,0 

GC Of 0 » • 9 3 , « C u 3 t . C J 2 

GE1 

FRC, 0,3,0,40.0 fJ 
G.'U 

cXU»P, 2»o0, 10 
PL3t 2,0, l 

RP O , i, 121,1511, 30»~1 jO ,0,3 
PL3 , 1,0, 1 

RP0, IB l , 1 , 1 5 1 1 »~ 90,90,1 
EM 
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FILE! V E H I 



JAT 4 



J 1 



C.4 ***■<■ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

C £ V V T- 

G>>1> 2. » 
G W 2 * <L » 
Gi'« 3 f 2 » 
GW4,2, 
GW U .2 
Gw 12 t 3 
GW 13 » 3 
Gw 14, 2 
G.v 15,2 
GW2J ,2 
Gw21 , 1 
GW 22 ,2 
„w2 J, 3 
GW 2 4, 3 
GW 25 , 1 
2 j » 1 
G *27,2 
G A 2 <3 , 4 

G W 34 , 2 
GW 3 3 , 2 
Gw31 » 2 
G W’ 32 ,2 
Grt'JJ»3 
o m 34 ,2 
GW36 , 1 
GW 3 7 , 2 
Grt4U , 2 
GW 41 , 4 
GW 42 ,2 
GW 43 , 
o <• 44 , 2 
Gwh 5 , 2 
GW +6 , 2 
GW -»d , 1 
G w 5 0 , 2 
Gw 51, 2 
GW 52 , 2 
G v, 5 3 , 2 
O X l G j , 
G.1 U , 0 , 
GS 2 
GE 1 

F K U , j , 
GW J, J, 
WG 



£ ^ ^ V * 



-1* V -T* T *»» T V “T r 1* T T V V Y 



-r ^ v v v V r 'r- ** t t rV v t v V -r t r r r ^ r r r <r T > 



An/MMC-151 •Jl p ;I CL 2 
30 -1HZ 

s o : 



j-O 1 L 



N sj |‘|0 j ) » 'v •>! TR L.X 



5 r # -r 



T* ■*>' “V V 



JfOiCf J J f ) t J f • 5 
Ip 9 0 9 0 9 i 5 , J ,23, • P 
Of ' ) t 2 b 9 0 J t Jf 2 3 t • 6 
3 •.) 9 0 » 2 -3 i i 3 9 J 9 0 i • p 
, 0,14,23, 5 o 9 i 4 f 2 , • 5 
t 1 6 f 0 9 2 3 f Id, 4 2 ♦ 2 o 9 • 5 

t 3 0 ? 0,23,30,^2,2 * , • p 
9 0 9 2 3 9 2 d 9 3 •./ 9 2 3 9 2 - 9 • 5 

, 0 , 4 2 , 2 5 , i J , -r 2 , 2 1 , • d 

» 30» *+2» 0 i p >» 1 > 9 2 ' » • 5 
9 3)t42fJfiJf42fPt* 5 
f 3 • J t 4 2 f 3 f 3 J f 2 t 2 ; , • D 
f 3 3 f 1 2 9 J 9 3 J 9 O 7 9 J , * j 
t 3 3 » 4 2 9 -3» i J i j / i J?* J 
,30,37,0,3 0, i 7 9 *' t • j 
,30,37, 3 9 3 9 J 1 , 2 1 , • *5 
, 3 0 , 0 7 , j , 3 w , 4 l , 2 f . 5 
t 30, 91 ,2 -U 2 Of 12 I t >3 , . P 

f 3 3 , 1 J J 9 C 09 J ) , 1 2 : 9 J , . 5 
,15,42,0,16, -*2,3 ^ 9 * 5 
9 J 9 H *? 9 J , J J » ^ 2 , J f • ' > 

• 15 9-3, J, i P , 4 2 9 J 9 . P 
, 1 5 i *tL i 3 , i p , 3 7 , J i • p 
,0,37, 3,30,37 , J , • p 
, J 9 l 04 f t * , 1 6 , 1 J V f Jf « ^ 

,1 P, 37, J,iS , 121 t J f .5 

,0,121,0, Jw,l21, , • 5 

, 3 0 , 1 2 i , J , j >, 121 , 2 3 , . 5 
,3 0» 12 i ,2 p, 1 j, 121 f 23 9.3 
9 1 3 9 121, 2 o , 15, 1 2 1 9 14, • 5 
9 3 0 9 X 2 1 , i M 9 J , 12i , 1 p- , • d 
, 3 J i i2 i , 7, >,121, 7, *5 
, L 5 9 i 2 L 9 J » Ip, 1 2 1 fit, *5 

f J 0 , 121,21 , 16 • p , 121 ,21, *6 

, lo , 121 , 2 3 , 1 3 .a 7 ,2 j , . 5 
, 1 H 9 c 7 t 2 3 9 0 J , ^ 1 , 2 i,* 6 
,13, 87 , 2 3 , i p , 3 7 , • p 

9 1 -4 i4f 2^9 15, l - j -t 9 , • p 

10.3 

0 9 0 , C 9 j 9 3,6 



* * -i 



* T “* T W 



^ , 0 , 3 U » J 
D , 0 , 3 . , . 00 J 12 
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FILE: VEH1 



3 A T A 



P l 



i 



MX 



2 !/ 



CM \0w ADC Trie A ^Tc'.'jA -.'Flo. r 2 H 
CM • • • • 1 k \ i Lu^ • • • • 

CM :::: %• i MD C HI L LO 03 CA -iV \$ 3^ ACE 

CM 

CM 

£ ^ r ^ ^ t t ^ ^ T v r ^ V *r '!• "** %» v i- V V r V v V y V v r t i' ^ -5 s V ^ 

CM 

CM AL/iSC-lD? 

CM 

CM 5 ■j'J.i 

cm 3 3 -ih: 

/** J* «L •*# %<*• y# -S* • • ^ •* % % • * ^ «ir *'• to . *A. J % * »' • <» # »■ « » «*• •'* - 1 -* «A. - '* A’# *J » % -» »V» «** 

([ p T‘rvrTT # » vA*r^v^r^ V t ^ r v ^ ^ r t -r ^ ^ v r -r ^ v t vr r r ^ v r v 

GF 



GW20D, 5,-3C,121,2 3,-3J ,121 ,33,.3 
G W 23 1 , 5 * - 1G , 121»25*”2ij»121 , j ./ , • 3 
G .< 2 J 2 , 1 » — 2 c » 12 1,33, — .»D , 1 2 1 » 5 3 » • 3 
GW20 jiI»-3Ui Ult '*3 i-2t. t » 1 2 1 , V 2, * . t> 
G W 2 3 W , Lt 3 J « i. 2 1 , 3o, -21.2,121,3c, • 3 
GW 2D 5 ,3»-3C»il 7 » 3 » — 30 * 1 J 5 » 2 3 , .3 

GW2Jt> , 1 , - 3^ » 12 1» 3 • 117 , 53 » . 5 _ 

G.-. 2D 7 i I* - ' 3 0 » 12 L» i »3t”jjf i.in*o)T. J » • 3 
G tv 2 D 3 ,1,-30,121, j 3 » — J 0 , 1 1 v • ~+ , 3 ^ t • c 
G*»21 0 » <, » -3D, 1 2 1 ? ij i » — 3 D * 1 2 1 , 3 i » D 
GC 0,3,1. A,. 5*. 5 

GW21 1 » 6 , — j 0 , 1 2 1 , 1 * ”3 ) * 1 i 1 » 1 1 j t • 3 
GM 0 , u , »j » D » C » J , J , o 
GS2 
GE 1 

EX u » 2 1 0 » 2 » CO , 13 

PT-3 ,1,1,1 
PL 3 , 2 , 0, 1 

KPO, 1, 121, 151 1 , JJ.-13D, J, 3 
Pi.3,2,0,1 

PPD, 1, 121 , 131 1 , 30,-1 JJ , ), 3 , 

PL 3, 2, 0, 1 

riPO, 1,121,1511, D,-i.J3,D,3 
PL 3, 1, U, 1 

PPO, 13 1, 1 , 15 1 1 ,- O, -D, 1 
PL3 , 1,0,1 

PPO, 131, 1, 1511,- > J , 1 2 J , L 
PL3, 1, j, 1 

KPO, 181 , 1 , 151 1 ,-wD ,1 J J , 1 

EM 






r *r r r v 
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FILE: VEH4 OA T A ?l 

$$ $ $ £ 5 Z $ t-Z Z-if Z Z ZXr $ $ i 

CM 

CM 

CM AN/MRC-1 5 1 VEHICLE WITH: *INDSHIELD u CANVAS BRA 

CM 

CM 7 5 MHZ 

CM 

CM SNOW 

CM 

Qf$tt‘t$^VT^TrTr^r^^rTTTr^r*^tTTT^»^r ; ?‘^?T^tT ) ! : rtTr ; j t TT^rt*^rrtl 

GW 1, 2 ,.001 »0» 0 , .> 0 * 3,0, • 5 

GW2 » 2 ,15 ,0 ,0, 15,0 ,23, . 5 

GW3»2».0C1»0»2S»30»U*23».5 

GW4, 2 ,30 » 0 »£ 3 » 33,0,0, • 3 

GW11, 2,. 001, 14, 2 8, 30, 1<*,2 3, .5 

GW 12,3, 15, 0,28 , 15,42,23,. 5 

oW13 , 3 » 3 0 , 0 , 23 ,30 ,42,28,. 5 

GW 14, 2 ,. 0 01,23,23,30,28,23 ,.5 

GW 15, 2, . 00 L, 42, 26 , 30, 42,23, . 5 

GW20, 2, 3 0,42, 0,30, 14,28,. 5 

GW 21, 1,30, 42, 0 » 30 » <t2 » 3 » . 5 

G W 22 ,2,3 0,42,3,30, t2»28,«5 

GW23 ,3 ,30,42, 0,3 0,37,0,. 5 

GW24, 3, 30, 42, 8, 30, 3 7, 3,. 5 

GW 25, 1 ,3 0, 6 7, 0,30 , 37, 3,. 5 

GW 2o,l,30,37, <3,30, 91, 28, .5 

Gw2 7 ,2,30, s 7 » 0,3oi, i 91,23,*5 

GW23 ,4,30,01,2-3,30 , 121 ,23, . 5 

GW24, 2, 3 C, 106, 2 8, 30, 12 1,0,. 5 

GW30.2, 15,42, O, 15, 42, 23, . 5 

GW31 ,2 ,. 001,42 , ), 3 0, 42,0,. 5 

GW32 »2»15»L»0, 15,42,0, .5 

GW 33, 3, 15,42,0,13,8 7, J * .5 

G’W 34,2 , . 001 , 37, J,30,37 ,0, . 5 

GW36, 1 , . 0C1, 104, 0, 15, 104,0 ,. 5 

GW37 , 2 , L 5 , 3 7 , 0 , 1 5 , 1 2 1 , 0 , . 5 

GW40,2 ,. CC1 ,121 ,0 ,30, 12 1,0,. 5 

GW41, 4, 3 0,12 1,0, 30, 121,23, .5 

GW42 ,2 ,30, 12 1,23, 13, 121, 29, .5 

GW43 ,2,19, 121,23, 15, 12 1,14 ,. 5 

GW44.2.30, 121, 14, .001, 121, L4,.5 

GW45 ,2, 30, 121, 7, .00 1,121, 7, .5 

G*46, 2, 15, 12 1, 0, 15, 121 , 14, . 5 

GW48, 1 ,3 0 ,12 1,21, 15. 5, 121, 21, .5 

GW50 , 2 » 1 3 » 121 , 23, 13, 87, 23, .5 

GW 51,2, 13, r7, 28, 30, 41, 2d, . 5 

GW 52, 2, 13, 67,28,15, 97,0, .5 

GW53»2»18» 104, 20, 1 l .5 

GW60,2 ,30,42, 23, 30, 42, 52, . 5 

GW6l»2».001*-»2*;>2»30,-+2»52».5 

G'W 65, 3,3 0, 51 , 23,29, 11 7.33 3 , 52, .5 

GWo6 * 2 ,29. 6666,44. ^535, 3 8»2 C , 32. 056, 52,. 5 

GW 67 ,2, 24, 32. 05 6, 52 , .001, 82. 056, 52 , .5 

Gw 68, 2, 2^, 117 . 833,52,. 00 1 , 1 1 7. 98 3 , 52 , . 5 

GX100, 100 
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FILE: VEH4 DATA PI 

GMO » 0 » 0 » 0 * 0 » 0 * 0 » 8 

GS2 

GEI 

FR Q» 0 » 0 , 0» 75 » 0 
GNO, 0,0, 0,3. , . 00013 
WG 
NX 

CM NOW AO C THE ANTENNA CONFIG FOR AN/MRC - 1 06 
CM : : : : NO TRAILER : : : : 

CM 

CM 

CM 

CM AN/MRC-I09 

CM 

CM SNOW 

CM 75 MHZ 

GF 

GW200 ,5,-3C, 121, 23,-30 , 12 1 ,53, . 5 
GW201 ,5,-18,121,28,-26,121 ,53, .5 
GW 202 , 1 ,-26, 121,5 3,-30 ,121 , 53 ,. 5 
GW 20 3, 1,-30, 121, 43, -24. A, 121,48, .5 
GW2J4.1 ,-3C, 121 ,38,-21 .2,121 ,33, .5 
GW 20 5, 5, -3C, 117, 5 3,-30 , 1 jo ,2 8, . 5 
GW 206, 1,-30, 121, 53, -30, 117, 53, .5 
GW 20 7,1,-30,121, 48, -30, 114.8, 48,. 5 
GW20 3, 1,-30, 121,33,-3 0, liO. 4, 38, .5 
GW210 ,4,-3 0,121 ,53 ,-30 , 121 ,31 ,0 
GC0,0, 1. 4, . 5, . 5 

GW 21 1 ,6,-30, 12 1, d 1 ,-30 , 1 21 , 1 73 ,. 5 

GMO, 0,0, 0,0, 0,0, 8 

GS2 

GEI 

EXO, 210,2,00,10 
PL 3, 2, 0, l 

RPO, 1, 121, 1511,40,-130,0,3 
PL 3,2 , 0 , 1 

RPO, 1, 121, 1511,30,-180,0,3, 

PL3, 2 , 0 , 1 

RPO, 1,121,1511, 70,-1 Bj, 0,3 
PL3 , 1,0, 1 

RPO, 181, 1,1511 ,-60,90,1 
PL 3, 1,0, 1 

RPO, 181, 1,1511,-90,120,1 
PL3 » 1,0, 1 

RPO, 181, 1,151 1 ,-90,130, l 

EN 
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PILE: VEH5 UATA PL 



NAVAL PDST3RADUA1 



Q LJ ^ ^ ^ ^ 4* 4 s £ ^ ^ 4* 4* ^ ^ ^* : 

CM 

CM 

CM AN/MRC-lal VEHICLE WITH: 

CM 

CM 

CM 30.0 MHZ 

CM 

CM 

CM PERFECT 3RGJND 
CM 

4* ^ ^ 4* *£ -4* 4* 4^ 4 1 4* 4^ 4^ £• 4“ 4* £ £ 4* -4 4*i 



w 4 s £ 4 1 4 s 4* ^ ^ ^ r ^ -r "r ^ x 4* 4* 4* 4* ^ ^r 4“ 4* •w 

WINDSHIELD C CANVAS ERA! 
AND TRAILER 



GW 1» 2»0»0»C,3G»0»0».5 
GW2, 2 # 15 ,0 » C» 15,0,23,. 5 
GW3 , 2 » 0 , 0,28,30,0,23 , . o 
Gw4, 2, 30, 0,23, 3 0,0,0,. 3 
Gwll,2»0»14»23»3G,i ; +»28».;> 

GW 12, 3, 15, 0,23, 15, “+2, 23, .5 

GWl3,3»30,0,23»30»42»2d,. o 

Gwl4, 2,0,23,28,30 »23,23»«5 

GW 15, 2, 0,42, 2d, 30, 42, 26, .5 

G w 20 » 2 ,30, 42, 0 , 3 o » 1 4 » 2 o » . o 

GW 21 , l ,30,42, 0,30,42,3 » » 5 

GW22»2*3o»42»3,30,42»2o». 5 

Gr'i23,3»3G» 42, 0,30,37 » 0 » .5 

Gw24»3»30»‘i2»3»3J»87»3».3 

G* 25 , 1 , 30 » 37 , )»30»d7»d».5 

GW 25, L t 30, 87,3,3 0, U, 2ft*. 5 

GW2 7 , 2 » 30 , 37 f 0,3 0, ^1,20, .5 

GW 23, 4, 30, 91, 2a, dO, 121,23, .5 

GW2 9, 2,3 0,10 6, 2 3, 3 0,121 , J, .5 

Gw 30, 2, 15,42 , 0 , Id, 42, 2 3 ,. 5 

Gw3 1,2, 0,4 2, 0,30, 42,0, .5 

uW 32, 2, 15, 0,0, 15, -,2,0, .5 

G«33,3,15,42, 0,15, i7,0, .5 

G a 34, 2, 0,87,0, 30,37 ,0, .5 

GW3o » 1 ,0,104,0,15,1 04 , 0 , . 5 

GW3 7, 2,15 , 87, 0, 15, 121, 0, . 5 

GW 40 ,2, 0,121, 0,30, 121,0, .5 

GW41, 4, 30,121,0,30, 121 ,23, .5 

GW42, 2, 3 0, 121,23, 13, 12 1, 2o,. 5 

G W43,2, 13, 121 ,23, 15,121 ,14,. 5 

G rt 44, 2,30, 121 , 14, 0, 121 , 14, .5 

GW45, 2, 3 0,12 1,7, 0,1 21, 7,. 5 

GW4o, 2, 15, 12 1,0,1 a, 121 , l->,.5 

GW4d, 1,30, 121, 21, ld.5,121,21,.5 

GW50,2 ,13 , 121 ,23 , 1 3 ,37 ,23, .5 

Gw 51 , 2 , 1 8 , £7,23,3 0,4 1, 23, • 5 

Gw 52, 2, lo» 87,23, 15,37, u , • 5 

GW5i, 2,1 o,10-,, 2 3,13,10 4,0, .5 

SwoO, 2,30, 42, 2 3, 30, 42, 52, . 5 

<j W 6 1 ,2,0,42, 52,30,42, 52 ,. 5 

Gw 65,3 ,30,91 ,23,29,117.333 , ->2 , . 5 

jW6o,2 »29.6o 66,99. ? 50 a ,30,29,32. 05 6, 52, . 5 

GW 6 7 ,2,29,32.0 56,52,0, 32.0 56, 52, .5 
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FILE: VEH5 



DATA 



NAVAL P3ST3RAJU- 



^1 

GW 08 , 2 , 29, 11 7 . 333 , 52 , 0 , 1 17 . 833, 5 2 ,. 5 
GW 70 , 2 » 0 » 121 , 0 , L 2 » 1 *+ 5 » J » « 5 
GW 71 » 2 , 0 » 145»2 + » 24 , 145 » 2 -t» « 5 ■ 

Gw72»6»2-+» 143,24, 24 , 2 1 7 ,2*+ » . 5 
G*73»2,0»217,24,24,217 ,24, .5 
GW 74, 3,1 2, 1<+ 5, 0, 12 ,21 7,0, .5 
G* 75 ,2,0, 169, 0,24 , 169, 0,. 5 
GW76 » 2 ,0, 145»U»2'*» 143,0, .5 
GW 77,2,0,217, 0,24-, 217 » 0 » « 5 
GW 78, 2, 24, 145,0*24, 145,24, .5 
GW 79, 2, 24, 217,0,2+, 217, 2+,. 5 
GW 30 ,2, 24, 143, 0,24, 169,0, .5 
GW 81, 1,24,203,0,24,217 ,0, « 3 
GW 3 2, 1,24, 203, 0,2 '+,193 ,12, .5 
GW 33, 1,24, 169,0,24, 131 , 12, .5 
GW34, 1 ,24, 1«1 , 12 ,24, 1?3, 12 , . 3 
GW 85, 2, 12, 14 3,0, 12,145 , 2 '+ , .5 • 

GX100, 100 
GM 0.0, 0, 0,0, J, 0,5 
GS2 
GE1 

F R 0 » 0 » 0.0, 30,0 
GN1 
aG 
NX 

CM NOW AO C 1 H t V9T5N9A CCJF1G F uK AN/ AkZ - 100 

CM 

CM 

CM 

C ^ ^ ^ ^ ^ *** ^* ^ £ £ +r £ r I'r ^ *r-+- ^ V -r- ^ V ^ ^ ^ 

CM 

CM AN/MRC-109 

CM 

CM PERFECT GROUND 

CM ’ 3J MHZ 

GF 

GW 200, 5, -3 C, 12 1,2 3 ,-30,121 ,53.. 5 
GW20 1,5, -lb, 121,23, -26, 121. 53. .5 
GW202 , 1,-26, 121,33,-30, 121, 53,. 3 
GW203, 1,-3 0,12 1,43, -24.+, L21.48, .3 
GW 204, 1,-3 0,121,33,-21.2,121 ,38, .5 
GW2J5,5,-3C, 1 l 7,53,-30, 136,28,. 5 
G., 20 o,l, -30,121, 33, -3 0,117, 33, .5 
G* 207 , 1 1 — 3 C f 12 1» h i » - 3 J > 114.6,46, .6 
GW 208 ,1,-30, 12 l,3d,-3 J f 110.4,38, .5 
GW2 10 1 4,-3 C, 121,5 3,-30 ,121 ,81 ,0 
U, 0,1.4, . 5> , .3 

GW 21 1 ,6,-30, 121,81 ,-30,i2i ,17 3, • r 
GW21 2 , 2 , G , 87 ,0,0, 12l,0,.i> 

G W 2 1 , 2 , 0 , 1 2 x i 0,0, 121, i 4 f . 5 

GA 0 , 0f0,0f0,u,0,6 
G5 2 
GE1 

EXO, 210,2, CO, 10 
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FILE: Vt H5 3 A T A PI 'J AVAL P3ST5RAOUA 

PL 3» 2 * Ot I 

RPO, L , 12 It 151 I , 90,-133 , J, 3 
PL 3 f 2 , 0, l 

RPO, I, 121,1511,80,-130, 0,3, 

PL3 , 2 , 0 , 1 

RPO, 1 , 121 ,151 1 ,70,-180 ,0, 3 
PL3, 1,0,1 

RPO, 181, 1,1511 , -Q0,90,l 
PL3 , 1,0, 1 

RPO, 181,1,1511,-93,120,1 
PL3, 1, 0, 1 

RPO, 131, 1, 1511,-9-3,130 , 1 
EN 
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